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!be obJect o:r t.bis wor.&: 1a b compUauon ot all tho ava1labl4t 4a'ta 01'1 the action td phof€cno on IIID>D and. ~ lAbara 1iOJ7 112lima.la. this lnolWSea dab obtained 1n the la1>ontar7 and 1n ~ field. !be tDtorD!Ilt10n !rlrea contai:Ded hu been obtained fi"Gal Jmer101:J.l4 Br1 Uah and F.rcoh reporu. the British &rld. lreMh reports were mt al~ &T.:l.1la.blet N a oonaequunoe cml7 a pari ot ibe .bn Uah and ~Mnoh Work la here reprnented. 
!be t1ra1i part ~ this report aenla with l4bonJ.toory •ata vhi.le the aeoond p~t is a ooq>1J.aUo.n at ~ Tarioua .t1cld tos\a conduoted b7 t:ba Amer1o&ns and .8r1 tish on phoagem and. :111.1 t\ll'aa • 

.Phosgene baa bem des.1.tJS8Wd u 00, G--52, D-SWt"t', a:a.rbotql Ohlor1<D, GBrbOD. o::t;chloride, oollcmg11ie, )Al).8, L-3. 

A. gloa&a'7 o.t pdhoJ.ogica.l tern., together wi~ a d1•c:nwston oc -~bodS at ob~1Diqt oonoontrad.cma and. othBr ta:J:ieolag1csJ. metho<Ja J'ef'errad to 1n 1ihia repori 1s ginn 1n !::·A· O..D. 105. 



Phosgene .aota aa & resp1.l'at01'}' 1l'r1 ~-. penetra.Ul:lg to the 
tie.rm1nal a1:r oeUa ot taB 1~. !be a1Jill)tcma wh1ob. artae are th.oa 
ch1e.f'l1 me t;o want at crqgen 4ue to lmp0.1rod tunotiODJ.:.rc at 1;he &1r oella. 

In &ddi Ucm., thore ia laoh1";1a~io:u., aaJJ:n.,1Qil an<L naaal. diaolaz'ge. AtW 
ox::posun, tbe U~DU ot ~ pa rema.1.Ds I"®J&ot1velJ tQI' aeTer&l houra. 

!he BJD~Ptoa. noted 11pan p:poav:re to low ocmoen U'ations ld'ea 
Irrt ~ Uon Cit b respll'a \=7 ps.aaagea, 0011Ch118 • ~pDOea., oom U"10t1011 

tiL the cheat and laall.r;yatto:a.. bn 1,mp~OI'll8 later decreaae and die-
appear. 

Bxposure to high oonCGntraUona ua11lll7 produce• rapid, aballOif 
And lat~orod breat!U~, 'bU1"111rrg po.u 1n the obss t 1 nauaea.. z-u;c.hlllf.; a.nd 

Tom1 t1tlge !hi a 11 tollCRted b7 hoade.O.::ee and u~a.l a,mptoma l:reaplra• 
tol7 _pa.J'~ ID.di:q;; 'rith gacgi:cg and ~oth3' .IIU001JS hom. b llOU~ 

1'hare fill'¥ be extzoe~ resUossness g.nd. a.II%ie't1 cr nm1•aoma and deUr111D. 
h blood. ahowa an 1ncreaa• 1:.a. J:aaenl)globtn. d.1:le to 1DOI'eohed conoentta.Uan 
o:t red oorpu3olea. 1..-rq usmtn.ations aoowa· dilai:l.t!o:n or the right 
heart. lb-one~a tr•qu.ently occurs~ on the fourth ar f'1t~ 4ny 
d.ue t.o seoan~ry 111:t'eotion. This is c.oo~ed. by 1nareaaed taTer and. 

a purulon' aputta. 

~'w 6ao hAa a. curio= ob:a'Z'C.Otoriatic ef'tect upon the ta•te. 
oa;uai~ tm odor ct tobaooo s.l:llQ,IC,& to be Tery unpleasant. 

One of two cor.mon t:,i"]?(!JS or symptoms a-ro trequontly e:hibi ted \ 
in oo.sea o:r phos~ona po1s~. 'roo pred~n"' ~ 1a chora.ctor1~ 
b:r an ashen _tJallor; tJlo lips are lendsn colored; rosp1r1-i.t1on 1s ro:ptd­
an:. sb:ll10'i'1Withina.1c.2.tions o::: 1nta:1se oedema or tha l'Ul'lf,"D; oo-ll(;h1%b 

is .f'req_'IU)nt; the pu1so 1s l;:so-l.tO per min;.<te, v:ealt. and runny; a.n<l 

i.,·:::n.or::.l coll;.;.psu tollo.:7s. I :c. the o thor t"'J.Po t.::.era is din t'3ns1 on o£ t!::e 

S'U.]·::>rt'1c1:ll V3i:-..s ol' tlle f.:>.cc, ~c.:: and. chest. 'tho lirH> .and. tor..:.~·uc at'o 

blu.a; bra,::.t::..inr;1a doeper a.n:J.t!Ore rc.::.;;id... 1'.;.cro r;JJ.y be&. cot::_;::~wit!l 

e:;:.~ectord.tion at Wn i'h<i~ the pulse 1s 10~ per minuta, fullnw1w1~.i. 
good t.Jasion. 
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S,llDPtoms Of phosgon11 poiaonillG aold.om ocaur 1lllll8d1atolJ1 &l:ld. 
&tath •7 a'Udd..snl7 OOOUl" atter a.n 1n.terTal dm:'~ wh1oh no alp or 1n.Jur7 
was oboo.ne4. Tory Often an 1naap&c1t.f 'tar e::z:art1on d1ata 11b1ch 1a cme 
or tl:lo moa" ma.rlr:od. etreota ar \be gu. 

b oourae ~ the 41aeaae 11 largelr 4epend.&nt VpOn the 
aotivi ~ ot th~ patient at11er botna pssed. - .Erpoaurea i<? .bJ.gh oonoentra­
tiom followed. 'bf oomplete reet and plentt ~ treah a.ll" baTe ot~ led. to 
h0019Z7 ~ exposures to lower COD.OOD\'l"aUona followed ~ ezerUcm 
have o.t'~n reaul ted ln cSea.th. 

Death us'U&llJ OCC\tZ'I W1 thin 1be t1rlt three days and •1 bl 
Yery s'tl.dden. S.CODdarr 1:ntect1an m1 oawse death eTen atter a month or 
aore. 

In t:t-e oaM t:ll d.agt dyi~ aoutol7t the temperature n••• to a 
m:xilltD oo1DC1dGnt W1 th the inarea.aft<l bloo4. oonoen\ra.Ucm.. b ~ratQre 
bn i&l.ls aud.d.GnlJ "-nd thtt e.ni.mal dies. 

'fli10n c:t.os• RI"Vift tile &cu1lo period. thl ttmpe.ratare arises to 
a JMxi rmam but ~~ f'aU 11 al.ow and 1 t graau:lll7 retwns to normal. 

~.u. X!i:Vlll vo. e, a.nd 10; J:J • .M • .:uv 631 .as.u. nru 1.3-8; 
B • .M. VII t50& 
P.lf. Vlll A385-~l• 43~8; P. ~~ .U .lU'?J 
-.rh. ~ 
A.~.lJ'. 4-8; 
G • 51 
:Ph. 20: Ph. 21; Pl' ... ZGa :Ph. 37; Ph.. 5:5; Pb. '15; Ph. 87; Ph. ll4; 
.s - tJ0-:56; s - ~~7; a so-:s9; z 30-42; :& oo-«; a 275t 
n. P. D • 46 ; I!.'- D • 56; . 
Ph. ~7; ih ~a: 

.L2.!l. M4. 
Oorr~;u)ona.ar..ca l!'iloa• CD-lZO. 

1. r:aspir:~. tory S._..1:: tel:ls 

~. U)por :11r pa!B!\cieS. 

i 
i 

f 

I 
i 
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~raemlo, tteoroeecl and. euol1ate4. lllUOoaa. lragmentaU011 and. tra~tuN or JW&o.le tiber-a, tiJ.')I01&ll7 ot pm 'Cbrior cr100&:I"J1ieno14a and.. transverse Ar7'tlllnoi de. 

Congeet1on ot blood. vosse.ls, d.ilaUon at l;ymph&tioa, oedema u mucosa. lroth; aerO'WI tlUi<ly aaD<l'UDl81 b.loo~. Oonaet.otion b;y intra­.tlexiou Gt' 'Cfle pos ~ri or se(J.:I.en t where 'tha oartil.aga r1zag 11 interrupted. 
d.. .Brouoh1. 

(l) Large and m3d1um a1-.4. 

lp1 thel1al li!ling intact: 1-ami!:t& tilled wt t.'l:t muoo-p'tU"Ulcmt e:z:w:sate, tncr.aee 1l1 goblet oeua. 

(2) ~l. 

A..m,>aar 0:)118 tricwd, d&squaat1on· or c111&'ted ep1 thell\D; a .la~ or nervJ.y tortted tlo.ttemd cela; tlllod:with dosqu.amated ep1~1a.l cella or oooasionAUy with o·~·ga.nixing mass ot· newly t"or.nod Tasoul.a:r oon­nGOt1 To tisauet tibroblaatio proJ.itera tion 1n t:ue walla. 

•• Lungs. 

{1} Daath. w1 thin 2 hours. 

J..1;zpgs am.a.u, heav,r, purple, .e.lrloos, water olos:gecl. Mo emp~elfll. thin oerous fluid. 

{2) De~th in 24 hours. 

Ltt.:J.;._:;s volWin.oWJ, ho."lv.:r, OOd4!Mt;)u:::: con::-sstod. w1t~ blood, e:t:Z'c.::o .ula~ti~ ex! Teasels~ al tar:.>::l.tl:1g a;;:-.:::ny;;;:;:·-:.=:. ~n..l a~l.act;;L..;is; 1"ro'fi.."".y acr .. n;:.c f.:.nL:i w1 t:·l dllr~t blood. troc:1 cut ::n:<:r:.~co; so::::lQti.::JC:J ;pot!loJliaJ.. ~temorrb.1r,e on sur:: ace; tor~nnl o.i.r c·J.Lla t11J.ed. "t EP'.i od. 1~-:.::1J ho-..1!'3 w1 t.'l ser o-r 1 bri nows e::ru.<m tl3. 

l 3} .iJeatil in 2 - 3 d.;:jS. 

5Ln1l.:..r to first d,;;.y d.e:'.1.th.s; aer~tian o.f lt."'tll .. ~s graa.ter; loss t.l:t.Ud; pulmonary oedar:la re:;.ahea ma:tl:rnt:l!:ll w1 thin rtrat 72 ho\i.l"sf ana my ul ti :::.ate J.y dis al-' 1-S 8.l". 



(4) .Daath in 4r <ll~. 

Mo tl u1d d.r1pp1J:U traa out aurl"ace; beg~ or b:rondlo­
pneu.moma and at t:en pleuria11 pneo.JIIOJ11.a. •1 be &ssooia.~ With neoroU.u.ttoa 
o~ the wulll ot $be branch.1olea, wUh abecen tc:rmaUon i:A ~ &l.Yeol1& 
41eeir\:loUon or el&eUo Ueaue, alveoJ.a:r: oav-tJt7 f"illeclwi~ ep1\bBUaJ. ooua, 
erythrocytes au4 pol~. 

{6) l>oo. th at ter lO da)llle 

S Wile pnGU.liOD1a., 

tal l"le~ 

Slight tibrous W Ok:GnUgJ d.Ua~U<lrl ot l~tiCie 

(b) Pleural lJG.T1 V• 

same U.•• oonaide..rable plo121"&-l e1'1"l1810D 11b.1 oh •1 be 

2. Jlood fuO'Ular sratoma 

(a) Hoar'tt 

( 1) Oh~es toll ow1ns gnss1 n.g. 

l'irat •tage .. 41la"U.uoa 
Seoc:nd • \age .. sb:ril1.k:ag9 
1'h1rd e t9...,.-.. - eugo.rgJ:ent 

(2) Grose .Pathology: 

l.et't ventricle solid. 
li1ght Tantr1cle - tla.bb;v and. alila ted, muscle ~llow.t.ah. 

Curd! no W.:!llss· s~ dc3'eOGrc.tion ot' fibres; ooca.aion:ll fat 
V'.:t.OilOl0s; mu.3cl& i'ibrea gr::.~ru .•. ~·~·, at:Nf!hiO in pl&cas, llypcrtl"o:r,il·~o 1n oth:JX"S; 
oode:::.:.~. nnd. 001.lg'3 stion; sub.andoos.rait.U hSmorrlul>~-ss. 
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Pe:rtoa:rdim& Yeaaols dilatad; l~"ttoa d1atendedl 

alight :t1brOQ8 th1 o~rmd• ot per1c.a.rd1um. 

('b) .Blood& 

lirst Stage • lno.reued TOlume• 4ue to S.Dtlu::&: ot fluid tram 

~ tiesuea, decrease in aol1<11. 

S.oond S~ - llear.aaed VOl"CCIDt tlU4t '0 paa._age or f'l1114 

trca ~ l'Dr.PI 1narea.ao4 1u 1ol1da alld. pro'ba.'bl.Jincsre&ae in naooaitn 
deoreaaecl eqgen earrTLDC oapao1$ft th'rcaboaia ln l1'JZIP and. 10me o•her 

•gans. 

':tiird. 8 t.aaa - E.etwn to nol'1&1. 

(e) Spleen a 

Kal.pigh!an oorpwolea ' latl8 &1iropb1o, otbtn ~laauo, 

pulp cltat;end.ed W1 th reel bl.ooel oell8 1 l~Y'O•t ta1; "t"84'Q'lea manoxxuol.ea.Hf 

Hemoaftderin in pulpt axoess1ft nc>l"DD)bluta 1n apl.Hnio a1nunec aQXIe 

increaa:: 1n t1brobl.u \8; capsule no.rz:al. 

8. AliDlcnWJ !raota 

{ aJ Sa.J.1vary G lc.nd.S. 

Le.rge, ol ear mu.oous colla w1 th m:aolo'tiS <11 splaoe d ~ a1 de; 

filled. With amorphoua, lh1Jl3'• muoii;enCJ~;~S subs tJ.nce. 

G~rt'ioilll ls.~n at m:a.ooua e:z:t'ollatad into Wide lnzr.&lla; 

1:n tho submu.ooaa, ooctema and 1mb1bU1an caus1D6 de~o.b:::le:nt; from nmaol.e; 

diftunc hJpore~a. 

l e I s to:':tl oh.. 

\<1) intestines. 

S~ congastl.on o:f bl:y;d Vessels. 

\e) Livsr. 

· Central atrophy and. det;elwraticn ot aoo.retitl6 cells• mrmd 

VUC'Ular dila.t:ltion and CUn&<osdon. ' 



------------------------------------~--
•• .&.xoretor,- Sys tea.J (Kid.neya) 

(a) Glomeruli a 

Allramin p.reo 1p1 u. Mel in gloms.rular oapsulec cteequana U on of 
ep1 ~el1aJ. 11ni:ng ~ .8~ Oapau.le; epU:.nelilD BOla!lt1mes granular and. 
~ine. 

(b) fubul.M I 

ip1 tb&l1• ft"'llen and g:r&nula.r; pa.ren~wua and tat;y 
d.egenera '1 em; ooau1oaa1, hyal1D& oaa ts. 

(o) lnto:r•Utt.al Uaauo•• 

6. Glanda fd Ln1a>r.n.al ~oretio.zu 

tal J.~ns.la 

lf1::trmal. 

(b} ~o1dt 

lfarkod varit~ti.OA ln .tze or acini, colloid. only in large cel.l.s • 

.1:$ .. !·!· lXVlll- P.aport #8 
E.x. x - lio:.;ort f.Gl 
.tl.l.:.. W•76 
?.T. Vlli-~- 307 
ll • .:;,. D. S 
.Ph. 2, Ae3. ~;-. 48-G5 
Ph. lS$4 
Ph. 17. Ph. .n. Ph. 40, .Pr.a. 46, Ph. 5J,. .Ph. 7o, :(::.. ~5. 
,a. :50-12, z. :50-M, Z. :50-8), z. ~. 
ii.D,;;>. 4-6 1 Ji.JJ.D. 66. 
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1. Mana 

Odor 11 peroepUble at; O,O()M 'llfJe/1. • LB.De If lb.. oi, 

fbe lowe•~ oonoontraUon d.e~oted by a.ou~ throat or lower reapirator7 traata 

OOtJOentratlou 
m,(~. 

flme of' expos'Ur't 
seem a 

ll"rl tatton ot eye•, aoae and throat at o.Of.4 Jllfl•/1. a..a:.n. 3 
.Ph. 1. 

~ oon(MnttaU<m whiCh onn ~ 'breathed. wt thOut 1m:.ne<Uate distress o.o35 mg./1. 48 obaervera exx:osecl • Ph. 1. 
ll"r1 tat1an ot ·~ • 0,0354 Jage/1. - 1'h. 1 Intense 1rr1tnticm ot ·~• - o.«~ mg./1. - Ph. l. 
Oonjectural ttguresa 
~nimum etreottve oo~ntrat1ona 

Ootl.Cee u-:.r a t1 on 
Yg,/1. 

2...21 
o.ss 
0,02"~8 

ti.J:ID oz •~osures 
lfinutes 

o.o 
e.o 

e::l. 0 

2. Lotl'lal couoentrat1onsa 

Co:a.o~ut:t•a t1on (l;il:l'le Minutes Died/hvosGd 

4.410 1 Hot given 2.ZJEJ 3 " .. 
1.6 3 11 , 
1.15 ?.5 4/16 0,883 12 ROt; given 0.4G 15. w " 0..29 30 6/.8 0.3l-o.36 3) 23/,29' 
0.4416 00 .N~t gilan 0,53 30 0,14 l2J IJ •• '::' o.ou rAtoe '"'.fA .• e ,.. .... o - tor. 

lleterence 

.Ph. 18~ 

.Ph. 199 
:8.11. UlV -66 
.:;.. ~ O.D. 101 
l'h. 189 
.8.!1. XXlV-BQ 
.B.L XX:.X.U•67 
B. Jt. XJ.X-'14 

Ph. 189 
lS.. .:.:. .A.l .. lV •86 
.s. £. x.r..rv -ss 
b.L .X,.1J,..!.!-5 ... 



I 41 _ 4 ,._ 
· · 'J W¢t .1. ·~'314 #~··~ ?Jltfl. ~· > .. 4 · ~, :lh &.>. ;p. ,f¥(M.J ... AJJJJ49.§~i I ,..¢ 4 zt 54. . ... 4 liSt 4 ; ~·PI' t& ]) 

!be tollowiDg pointe were ta.t:a troa a IJIOO~ 
ourve oona\r'Uo'te4 tq>on \ht rehlta obta1De4 bf ~ .Aa.r111o111 ar.td. ~ Dr.-1 tiah on the lethAl oouoentzooUoa ~ phoap:ne tO&", .... a~ Tarlcma tlmea ot e:z;potr\U"e. the time timel ooncentraUon Y.altM hu &lao been calculated. 

Lethal Concentration 
!6./1, 

•••• &.16 
lrll 
l.S> 
1,08 
0,12 
O,fr6 
o.ee 
o,u 
o,1, 
o,14 
0,028 

(b J 101" 41~. 

Oonc • ... a. 
0,442 
0,4 
0,081 
0,16! 

l - 5 
10 
so 
60 

(o) ror Rats, 

o,aa 
0,04 
0.163 
0,0.2 

!imo in lllin. 

ftmea ot ixpoaure 
J.U,nu!'• 

1 
I 
I 

" IS 
10 
Ui 
a> 
8) 

60 
lJ'IJ 
MO· 

Jlot given 
100~ 
100'$ 
100~ 

Not giYen 
100% 
lOO~t 
10~ 

lima z Conoentrat1011 
!Ue~• z !i·lh 

4.4& 
6.70 

'·" !5,18 
6,18 
a,u 
a,to 
,,65 
a.?O 

10,10 
16,8Q r 

6,76 ' 

.Ph 1 
::'·. T. I I- A. 12-:' 
.a.ra.. :axtl-.57 
Ph 'IT 

Reference 

o:;w mI-l' tz 
B.U, XX .. X:U-5'1 
I'h .,., 
B .1!. XXX.ll•6 7 



(cU llabbl\llt 

Ooll04Pl tre \ion 
I£· 1M 

0.'1"1 
o.I!Z 
o.oae 
0..01 ,. ) 'or oaaa 

Ot.llOGn tr aU on 

*·'~· 4.416 
2.209 
o.M:s 
1.6 
o.«U 
0.2208 
o.zm 
o.u 
0.1655 

(t) Far G011taa 

Oonoe~t".:." ..t t1 on 

4.~l6 
2..208 
2.2 
o.cr.n 
0.441.& 
0.44 

~ime in ll1l1t -
10 
60 
10 

MO 

f1m.a ln Mil:J. 

1 
a 
6 
8 

10 
S) 

:0 
&0 
60 

1 
3 
$ 

10 
3) 

$':) 

(g) For Gmn::.:a 21gsa 

Cono~u t.t a t.:ton 

4.416 
~2:JG 

•• 683 
0.86 
0.4416 
0.2206 
o.osss 
o.oa 
0.073 
0.0910 
0.02 

-~-

l>te4/~Epoe•cl 

liot s1Ten 

" " 
" • 
:lOoj 

Pte4/k.l;>oaed. 

){ot giv.n 

" " 
'! ~ 

~ !1 
! !! 
9,t !! 
!! ~ 

~ ~ 

- 2/8-. 

Hot giTen 

" " 
'-' '.! 
~ ~ 

!! !.' 
'! '.! 

" .. " .. 
it ii 
... 
'.! t:' 

" tt 
it n 

: 2/2 " 
:Vs 
3/4 

Baterel'!Oe 

l?l:~rt 1 

" · B.x. :XXUI-57. .. 

Reter~oe 

P.O. 189 
l?ht 1eg 
l?h. 189 
o.~·.M. To1.Ul1.t>t. 111 
Ph. llW 

Ph. 189 
c; .. '.,M.TOl.XX.Il,pt. Ill 
n. n. j). •8 
l'b. '1? 

.?h. 169 
Pb. 169 
c.;;; .M.-,ol.X:UI,pt. Ill 
Ph. 189 
Ph. 189 
c.·::. u.vol. mi,pt.III 

:?h. 189 
Ya. 189 
Ph. 169 
c.·:.i,lf..vol • .X::Ul ,pt. II l 
.Ph. 1~ 
?h. 119 
.t'h. 189 
o.·;;.l!.Tol.:QJl,p~ lli 

B. Y. XXX 11•5 '1 
Ph. ·1? 
B,M,Xif..xli-57 

f 
I 



(h) 9u1: llo;n:;;a yo I 

Omoantrstlon 1'1..me ln. Min. :Diod/~poaed Ro:t t;lrEJ!lOG 

2.208 1 Jto t e;l Ten · Ph. 189 

0.883 I n • Ph. 189 

0.441 I t! It Ph. 189 .. 
0.44 3 '! .. It o.;r .a. vo1. xxu tP t. m 
o.2ms 6 I( " ... Pb. 189 

o.oaa~ ao " t! Pb. 1fi ... 

o.oe 00 r ' 0. \"'.:. u. TOl.lXU ,pt. Ill 

0.041 ~0 .. 2/2 .. J.L D.XllfG7 

~ f aro:;oi~ table a han ~n cOq.>1lo4. tram a J11:1J1ber 
~ acrarcoa and tigares trom dif't'eren.t reter•nod are not oomparable. !be 

tollow~ DOtes ~'Pl1!. to tne refara~• giTen and may &!ton aomo 14ea at 

tha 1r volua. 
Ph. l!Wa No in!ono.tion 1a given on natl.1:rG ot teata. 

lt is not lc:U:ml wbo ther rm:T a~ ;amp t was made to 4o termine Q.Q clll"a tel7 

a lethal concontration. ~ re.,ort wu given for the purpose o! br1~1:q; 

out br oo.d dis t1 notions 'b:3 t;-.oo n animc.ls. 1'be t1J:lrJ af doa tD. 1~ not 1ndi. oa tad. 

Ph. 77a iW time ot 114!1 th 'WliS los a th.an 24 hot:' a. 

!hese are exportm:mt:.::.l d.::ttzw. bao ooneentr3.tiom Wl."e used. too widely 

~1a.tlt ~o est:o.hl1sh "' let::;ll eon.e9nb'.a.t1on. 

B.::.t. XXlY : -6G ' b l e t.h:.lJ. oo nc £ tr o ti on 'fiG.& 1t31itcn au 

ths t co-...con trn. t1 an. whiM. killed '10-80? or t~ anim.ls w1 tnin ton d.:.:cy's. 

!I'm sOi.U'oe c! t.h.c dn.t~ on a. :ro thod o£ ~dna t'lla toats ware not g1Ten. 

D. U:.. :::::.!1•57 a !r:.nsa ~c exgorit::JJn t.::;J. d.::l t.:.1. ~ ti-:oo 

or do~:t \ or;;J.g les.; t-:2<1•~ 40 hom·z .::u:i the toa~::~ '1:7e!'C :r.~ iu :;-, co:::tim.to":.~ 

flo-:.· c.:i...:l."±c~·. t:1e c:;:::t.cltn.t:·.::tion bdr..c d.:!to:'::;:dned by a::..::lys!:; • 

.3.::.. V.U•5Js ~-c.:: fiTJTe r-iven b~;· -~.:~:.: .. -::.1 ~:o. r:.,j.~o:.1 

was decided ~)0:: by t~:l:).!l n!'ta:o e:::.10Xln.~;:ta ro. 25 dogs. ~\w0 C!Js;:J w:::r-:; uzeJ. 

at o~~c:1 ccrnc·~nt:r~~tion. Ko dJ . .:::.:.!..:; o::' t.'::- r:.:;;rz: o.:ro ~;i"~r;·r: .. 

0. ·• ~. X::!l•.)~ t III & T:D d.a t:l ar:;; t;:..;::cn f':!'o:: o;n 

~:li:::h rey)rt &r..d conct'l>trs.tionc a:r:; si v~:; as t ;ose wl:.ie!l wero "ro~uired. 

tc .1111 o t t:-..-:~ t;l v~1: ti::.e. 

::>!:•U•,U:::7a 'it ... ; t1~~ o::.: do.z t1l. VTa.l 1'3:J:i t1:l.5n 4S hourz. 

!lhznJ ar.; ez;>crLr:l'.:'::t:ll d:>t:'..l.e Ck.mear..tr~tions were obt;;;.lt-:.ad by aoro.~on and 

O.ct-)r.!:.in.=;d by ~J.;:):.:ic.;.;l ~..:.l;_,·si3t 

: .. ~ .. :I 

-u-

F 



------------------------------~--------·~-~ 

III, DQGS. 

~ tollo~ sympt~ war0 observed during tiel4 teeta 1 and on:) la.boratOl"J test which. is noted. ~ s~tama may b.G r~hll' d1T1ded 1nt.o groups, a.coordi~ aa thor are e.xhib1te4 at ext,iOI'Urta1Jbich caused dsatht (lJ duri~ e:posure, (2} a!tor exposure but betare eight howa, (3) atier eight hO'Ilra bUt before fifteen 4A~, fUX\ (4) those tran Which too 40SS reCQ'Jere4. 1n the field ~Ita detinite oonoentra.-t1ona we:re no' laloan a.n4 exposures laa~ thlrtJ minutes. 1l1 tbO laborat017 test ezpoa'U!'\la wore tar thirty- lilimlu,a, conoont:rattona between 0.6 e.nd 1.2 fltl•/1. OQ.usi~ 4eath brd"are eight hou:a and conoentratio= between 0.15 and. o.& ag./1. causing doa ths o.t'~ eight hours. I 

S~tonw at concentrations caus1Dg death du:rtnc exr>osurea throe ou1; ot sevou dogs ex..'l1b1 ted .m..:u"Ked o.f.llli)3is in e.dd1 tion to the Bjl'Jt<)tO!:IS giT¢!1. in (3), 

Do;:;s d.;/1~ bat' ore a hotll"s t ?. ':.'. v .Ul-..:i. 306 - A389. 
B.!l. Vll•50 (~bol;ltar; Expcrimo.nt) 
13 • .::. X:V lil-90-S ( ~ U. .i\.:'lX.7G ) 
.3. M. XIV•6S-b 

S~tam! at concentrations c~1~ death bafore a houraa F1:f't:;en d~s 1n tield tests showed. rt~.Pia. nnd sh::l.llO'.v res;1r;lt1on, gc.s~:irc tmd oouchin;;, aa.U. T:.l. Uon• r.G.sc.l cU soh::..rt;e, laahr~ uon. d.ol?l"essi on., tracheal rattle-2, i!'T~Z,-ul~ hom't act1o:::t. 

Six rlo-,:;3 1n l:::.barn.tory test at eono3:ntr.:..tio~:z bct•seen o • .s a:l:l l.Z m:__~./1. for t::irt:r min·.-,tec e:.:.:hibited s11·::~t h.o.::.r~;:;.;Jtion, tm-c::.::l:-..c::z:, o:,::·.;.i::Jd. ~'t;::1l::. l:o viol~l'lt s::-J._Jto::.::: wcrJ ooc.;::·7::::: e::,_·L vo:.U. tin: 

t::; .... l:ot;r: .::::.:::~ ..!.5 ~::-:) : 'J. ·:. vri I--..1530 .. ~'.!3a9 
r;,;;.. vu-5:.> L:. .. oor~to::y ~~lCl"L'lle~t 
.:;; .• :r. ~~il'IH-~J-a (n.;_. ;c.:...t.:.:.-75) 

Z7-11:;>to:w s.t eonc:Jnt:r:.:.tions ca<l!:l1n:; ci<3.:;.t7l [tftar e houra a::::d b::.Co.:•o 15 cln;,sa ~;.\:.~nty doss in :i'ioJ.d tests u:10we'.1 daprass1on., dyopno~n,, aeli v::1t1on, ocU!:.:.r 1n:'lr.:::n..'1.t1on, cou:~hi:c;::, r<::tc i!l::;, r~"<J.)i o. and smllo·.'l 
lri'c::!:t:li~t OCnj'.ln.CtiVi tis, VO~ tir(;e 



------------------~------~----~~~----------~~-----------' 
Htneteen dqrs 1n a lAboratory ~st at conoe:ntratioM tx-om. o.l5 'o o.6 rrfJ.•/1. tar thirty mnuies ehO\'ied laoh.r{lmation aud resqeaansas. Rl.ne at t.'iese diad. 

4.., l)ogs which reOO'nre<la P.T. f.Ill•A &86 - J:88 • A 88'9. 
b.~ .XXVI.U-9<>-a (Bali. X."U.l.-'15 J 

~torJS at o ncentrntions trom which cloge reooTved a:re g1Tene lO'ttt'teen clogs olust.t1ed as light casual ties ah.aftd alight l.achr~t1=., allgb.t ZJa.U 41aabarge, modiJrate Upr'ea•ton, oateh1~, 41tt1 cU:U braa thilsg. 

bee cJop olau1t1e4 u severe ca81lal t1ea lb.Owecl mrted depre es1 on., amaoutar w 81CD814, ooula:r intla.'!r!J3 tion, DUal 4iach.a'rge 1 C()qf11itrg 1 ShAll Oil' and. la1HIIZ'Ocl Z"Mpira t1 em. 

B.:d. L.'VI.U-90-8 (B.lf. . L\l.X.-75} 
Ph. 86, «, 4.6, 194. 

1'bo 1~3 contain serous mnt.-Jrial whio.h ~ el ther a hamc>g9ne ou.s o:r cra.:ll'Cl sr p 1llk: a tn.1 n. o ed.e!:r:l 1 » pr-e# en t e i J.)Go1 all7 1 n a'ab-pleural elveoli, ln e.nimals auooo:lb1ng 1n 1.2-2.2 da;rs Ule al.T&Ol1 a.ro sm.ll VIi t:l .bislJ.· oubloal ept t.bellal cells and large mouoa:uolear leuoooytes. A11aleotas1s and emphysema are found. ln the case o:t dogs d.yi:~g attar 10 <JAys, pn.e'tlmOllia ts the direct oaWJe. 

DUaution or tho rig."lt Tant:"1Cle 1a found and ocoas1on­.o.lly o: tlle le:f't T&ntricle and auricle but ~u. . .-:.lly tno l ~tt heart i:J t'ir:."l.. ~1e !.ll".;~cla is us'Ually p:.Ue. occasiom.l v,:go~tive ::;r('];ltth o-oc:s ou t:.:..c l.':l1 tl"al V3.1Vo .ani nm:>Zlf.;:J t t.'le ch.ar<U!o tei:!di:!e.~Ulr. :.i:-.:-1.0 blooi "tassels a::.·o u .. :nwlly WBll 1nj-:;oted; tbcro is an occ::.:::!<lDlll h:X:lO!'Tha::;'.l tm1e:- t::'3 c::~oa::.:rd~ 

dilat:c• ti on o: v~ercJsdiHei:t*i"Abfl?Ui~ ... ~·:no~=-.;t v~ i&1;.t;a;r&Hi§.!.~ ut:royhy or h;i!,:>~rt"f.ll"0£1~ Ol :uscle or prese~ca o: t::.t vacu::>lo~. 

3. &ploons 

T:lll'J t?lee..~ ts sli£,:1 tl:; onl:::.:r;zed. 1ha pulp is distond.otl m th red. blood. colls a..:l:l r..c!!loslda:in is U1 tm !?'tll:it• 

- l::S-



----------~~----~-------.------~----------------------~ 

Dark b:t'oon pa.tohes Ql'() f'ound &·ou:nd. the hGpatio vein 
w!ll.~ i.:> e.lv.ays, engorged.; the portAl Voin 1a eauo tiae1 e:ngo:r(leda 
\"'~rf !'::tl"Oly neo»oois or ini'lAl!.C!W.tar;r rG~Uon ia to'I.Ul4.t 

6. lro:rf. toZ!o041 0aT1 ~~ 

lio exooas fluid but eng<n•gement ct ftaaolt la to'U:D4. 

'1. kc:ret<n7 Systoma 

'-'he k1 dr..e r h!liS a. 4ar .It o or te:r.. · l n ani.raala 1 U<.l0t'lmb1ng 1n ~ to 6 c:ta;~-s 1 cloudy' swelllll8't co~ostion at tJ,.o111)l"8].11 and ta.tt7 
d.agsnara t1 on are t oundt 

0. ?41SI Gt ffi Ir 

.Phosgro::o at a oancontrz tion ot 1.48 ff.YJ•/1. was bub~led 
thr~h 4ef1br1nstad do~:;s blood tor t'iTe minntos. A clefinitG d:l.r~:o.-
~ or the blood was prod.noed in tlll'ea min:..:. tea and at tha end af five mwtoo tt>.er~J was almoot c~lcto ::;.gslutina.tion or tile red blood oella '1"1 th da!ini to hsemol;vs1s. l!ae!:IOlysis was ~lote 1n 15- minutes at roan ~.:n;,H::r~ture. ~ lower oonaa:otrutiurus reqtUre lollg\U" 8X.i?Osurea to obtein the abovo re:J.,lts. 

{1) ·lllCl':30lDed vol~ dw to influx a! tluid1 p::ob.!l.bly 
tr0r:1 ti:::-:t:e3 1 roJ'.ll tir...:; 1n c. do.:re~:Je o:c· t.:n blo.JJ. 3olidsf (2} reduced 
'bl:)Oa volw~, d.UG to rnl..ss .. .:;o of fl-:.:dd tro:t1 blood. to .l~""3• increase tn 
blood ~clid!J 1 d.::!VelOj.'r'..:On.t O"f' ptll::lO:n.:..!"J O..!d'.c::t:. ( Th·.::Go V.!:i.!'iOUZ C t:Jce::J t:U"o i::J.lc::tiV"O of t1mo ~;;.d ec::;r'"!O 0~' l?\"l.lc:l<:l;;.·,;:.+:; c·::._'l30; (3} pol'iOd ot 
rQ~ciju.;.; t:.:c!.lt - 1·etu.r:n tv no:rm;;.l. 

b wnta:.r oontant 1norG=tses pror;tessivol:y in t11(.) l'lll1@h 
T.:1cr, is n.') notlc~able c..'l.'lt!u"'a 1n th1J 'Vat-3r content o£ the In'llllC1e, which 
1n..Uce toD ttnt t.::ll!lcle tiesua does not gtvo U;? water to the blood durlno the l wx; oad.: i~ 

;.t hi::;h ccn~c:lt::-::tiol:z {1 to 5 ~./l.) i'or 1 hour 1ntc::so C?:1j-.t.1cti-vi tis a:~1. ln~~zo~:::-;.:;.:';Lm o~~u=~. ib.J co:-~;:;_ is intoct. 
- l•"-



----------------------------~--------~~---------... 
3. Bloods 

tba artel"ia.l. blood. prassttl"a shows a slight risa about 2 
hour:-11 attar gu•i:r€• It then drops to 1a previous loTel and 11 mainta1ne4 
at tll.its point up to the pertod crt cl1n1oal a1gns ot lliD8 involVGl'DOnt • 
.t' ... t t.11a sUl.:;a thor~ is o. aeoond rise uhieh ~ml.na.~s 1n a fall 1Il1ll&d1a.tely 
'~;)(}tore thO Oetlth at th.o Dn1Zilll., f2:le vonous blood :prossttl"e ahowa l1tUe 
vnr J.a ti on UD.til Just bef ora dGa ~ when tr..sre ls a. alight ria e. 

l'ho blood vol'DilU ie WQ..'la:I::Jcod wt1l pullDQnary sym._~ 
appear. .A.t this t1.1oo there is a. 4&c1ded. 4ecreo.ae. ~ reel 'bloocl 
call count 1ncreaB~~e w1 th the Yoltao uorease .. 

fblra ls :tirat a c!oonue 1n tb& oonoont.rat1o:n ot the 
'bl JOd a.ooompani&d b7 a Cloa:rea.s.e 1n thiS chloride Dl1d ox:;son contont. 
At tor this 1n1 t1a.l doar&3.ae t.hore 1a .a great 1nareaae <hzr1~ wbidl tho 
chl ar1 dG IWI1 or:rr;en content :re turn ~ nOI'I!l.'ll. 

~ coagulation t1.ma wua 8 to 10 minu-tes tou:r hours attS!."' 
th~ gas::::in.::;. ~o n.o~ time ts w:ruall3' 3 to 5 minutes. Uo oh:iJ::ltie 
lul.s baen observed ln tl:.e alml1ne re&tu'Ta. r.o deartJ!:).$e in t'1br1nOr,"'"'ell 
is agtacllshad. 

O<o_::~~hon w1 th .Pla.ama.t fi:e trans~te rasamblcs plam:n 
vary n:u.cJ:. and lJii~i?h otilJ. wre. lt cont:li:ca too tllJ.l.Cl.l:ime;:.ta.J. elements. 
Its pC:.Il'o.e::'l t:lc;o ot wa..~r OOAc"'Ulable e.l btau1.n. tree ::i»g ~tnt, alltalir.J. ty, 
pc>.reent.:l.:.,;v ot c.hlor1dos, p11osfh,atea and. c..ll.olestar1~ &.?pronon th!l t ot 
blood. T:!e non-prot~in ni t:rosan1 'U:."ea, a:rnon:l.:1- and SJ.uoose are ~:r 
t11an in t..'i.oc?J.:ls~ s:'h•. phosp.b..orus and 03.1"bonate oonter..t 1s groti'tiCJ.• 
tXl.::'.;. i~l t::.c bl O<Xl. 

J...:."t:~r t~::o 1::Jl~::.tiou o.:' pllO:..;cno t:.:.:.erc i::; c. f~"LZ"..ctbr;.:;.l 
~o~~-4.:~~ i_u t,:o &~~etion o:· -u.:.,.in~ e..o z;;.o-:f1.! 'by t2lo tc...Ll o: tl:.\; 
r.~~'Xi!Jill:l co-.aee:~tl'~t.io:l ot m.·ea. !l.!b.ie. dro::> is considrr.ubla in ~~ 
fatol cn.se:.::. ~U;~ 'tll"ou o:s:.c!~l)tion i:z oon:.t:.::Uy l~o:.~ n::!'tJr sovoro 
co.a~s ol:.' r.;s::::s1:r:u w.JJ.c~l. n.:1(j';']S th.::l.t tlle C<l~,cci t-J fOl' c~ot1on h'lz boon 
dc~c·:~:...::;c;i. SJlo a :J.cri do exore ti on :re:.:~C:in3 unel:l:l.nGGd, tr..e at:eon.ia 
c~o:retion 1c proba.~ly clist•~bod. In. f;).t.::l.J. C3.SilS t;1era is always o.n 
h~Z!"'t;:~K:lc 1::~ to.:X>tiu ana. tot::J. ni tr011'0n. ~:13 1s not the e:aeo aft::;r 
less. ~-~v .:.i.·~ cn.ssi:::C• T.r~~ is 0..."1 a~·;w·:;. ted cl1m1m tion o:: 1)~03• 

- 13 -



P, fO:U OITX'a 

B.!!. XX1•76 
J.L X.UU•ll!8 
U.Pb. 83-29. 
1'1:1. • <C,6 1 ffS, 9?, U<t • Jpp VI-b. 
' - 30-l2t 3>-36, ~39, 32-ll ' 295 •. 

(l) Ph. 36. 

flme at lbt :JOsure 
I'PBt!' 
ll 
1.2 
10 
8) 

Or! tioillll!a Unl.y- fo~ oone91:.tr<:~.t.lo:~ which wers ll¢C"U!'~ tal;;t k:novm 1rore abatrno.tea. f:ro::l tlli::s report. ifuro were not en~h dOgs used at a;n:y om oon­centratl au or at oro time ot u;.oS\ll"e to wara:nt de:t'inita conclusions. u ....... .K. 

i.~e t.!.:los ot &::!:pOS':l.X'a necessary "o proouoe u1 tima.te do a. th are c1 von u a 

OJ~contra. ticn 
:·~·.h. 
(.410 
2.2)5 
o.sa;:: 
0.441 

~ a;; Z::.. .. :> oa ~o 
'.'1HUt"'"' 

l 
... 
"' 

l2 
30 

not~s ~'x)3e rcsuJ. 'tS SJ.';: ci v~.w~ nlo~ wi t.'l J.ct!l:ll con-CJ!;t:z::~ticn.s 0:1 ot::.0r ::.tra~s, 011..l.y w b:'i::<;c; out oortain br~.;.d diG-tir.otio.us b:::tv."'.:.'oen dirl'erJ:nt azu::nls. ~~~Yare not t1Wll. 

-1::-
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----------------------------·~~.--(~.~-c.~·~>~.~--~~----~--~--~~----------···-----

. 

Oonoen tl•a t1 on 
Mg,(l. 

5.'1me 
l3.putet 

a 
15 
fO 

Or1t1c1ma !his 1a an ez.trao t trOUl tnt ortct.W data 
and 1 ts Feoiae .meanillS' la not clear. 11. A.lt. 

(4) Or01etsbec1t and. l!.G. W1.th0rs_poon. 
E 10(\. C. D. #lOl • 

1ha letb..'tl oonaentl-r.ti~m IJ'! p:.!:osgene ror G.qt• ~or fi m.nu~n expo5ure. 

Oo:nc. Doa. tb.a tn IA,nthl Deaths !otal !otal '1lg./l. alho'tll"1l between botw'30l1 Deatbs Percent M.....fra bra. 2-10 chl:~S l)ea~ 1n 
;o AAYl 

1.5.2-2.11 l/2 1/2 6:> 1.38-1.43 5/4 l/4 4/4 100 1.21-1.56 2/5 1/5 i../.5 4/5 80 1.11-1.23 3/6 l/6 l/6 6/6 83 1.06-1.15 4/6 4/6 67 o.9s-1.o5 1/2 l/2 60 

b lethal conoontr:.ttion oi' .hosgens tor a 7f m.nute ez;;>oa1.7e on d,o...:;:s 1:l pl:loed at 1.1 o,:./1, o:r 27~ pp;a. 

C:ri t1.::!s=1a !.~!his war~ wa~ do:c.'3 c:-.:roi"Ullr a.ud ah.ould bQ as tt.ecuratc .as s:..y d.:l b av:JUable. H...:j. .~r. 

( 5) lUll C:" and lrOSDt 

- ll .. 



Oo::l.oentr~ ti on 
lfr'·(~· 

0.44 
o o.:a 

0.:!6 
0 • .29 
0.28 
0.19 
o.1s 
o.l'l 

Oo111»ntra Uon 
•• /1. 

.054. 

.03 

.oM. 

.ol9 
,OHi 
,JOS 

Died/SX;;Jozed 

~surea 4 hours. 

D1 ed/.iXVoaod. 

4/4 
8/4 
~4 
i/4 
0/4 
0/5 

1.2,28 
lost, 24 
10, u 
5, '· 13, 2l, %2, 288 
1~, 19', e2 

16 
12 

e, 6, e, z1 
'• aa, 10e 
31, 43, 120 
65, .214 

l'!la lot.b.Dl coueantrutiiJD. 1s ta.a:en as O,E9 '11{!;,•/l• tar t:..U.rty minutes e.x9asure1 and 0,024 mg./J.. !Ol' tour hotl:'e exposure. 

( 6) p • .;; • Under hill.. 
:a.:.L. 7.I.X.•74. 

~ax.ioi ty ol .?ll.osgcne on Do.;s. 

fi::no ot E.x..>o::sm-aa ~ minutos. Conoentra.tion dotar;n!ned b;; o!"' ... ':lr::ic~.l o.n.c.J.ycia. 

Conc-.:r.t·:: t;1on No. or ~Acute i.Je::.tllS 'j.J De.Lay!3d <1 
~tcl fJ ~1:~ ,fl. do·~ .... ~-3 4:\'ffi ~r:p:t!J ==--

o.4o-0.45 ~9 62 3 85 o. 30-0,4.-0 ro 67 13 80 o. 31-'), 36 29 G~ 10 7S o. '27-0. 3l ro 42 12 54 

- 18-



~--~~--------~------~c<~&~ .. m.:w~-~;~,;~.u~;~4.t~J•· ~~~--~--------~--~;"c~w~.~------------------,.... 

Cbna en tl" a t1 011 

f&Ll. 

1.11 
1.10 
l.OO 
o.S4 
0.75 
0.64 
0.55 
0.51 
0.47 
0.44 
o.44 
0,4<) 
o.30 
o.35 
Oe3l 
0.31 
o. :tl 
0.23 
0.22 
0.22 
0.19 
o.l.S 
0.12 
0.12 
0,11 

( 7) J!t.tzoaht.J.l a.ud ~nson. 
B.M. vu-ao. 

3 - 'I 

' 4 - 'I ' .. ., 
't- 15 
"1- 15 
Sttn'1Ved 
6- 16 
6 - 16 
24•&6 
8) 

SuniTe4 
Swvive4 
Su:Tiv~ 
24 
Sw."Vive~ 
6 .. 15 
SUIT1Ttd. 
$:- 35 
m 
Survivecl 
&l-:1) 
SWV1Ved 
SU.."""fi ved 
eurvived 

One dos WM usod in e~c:~ to~t. 0.35 m;::;./l. u.':l:: t~c~::. a.:J t:;.: 1:;-,t. . .:..::l conocntr.::..tion ror e::::.;o::-.·.J.:"'3 c.,: W d.nutes. 

!C:l:"oo cto:;s go.ozot.t at O.$ ~u.i 0.4 !ll .;1. s".tl:'ViVJd. ;:: t soc:~~ t .. :::.t 0.4-4 'II(;e/1, would be a r.10re ro::..son:..ble fi,;,r.;;:re tl':Jln 0,30 r::c./1. tar t·~~) let.::x·~ oon~ntratiOI4 

(8) ~:::!l.'lll. 
B.~ l-29, 

'E1e f"i~lll"ec t;iv~n 1n ~·•i:l :rc)ort ot prol1~:r wor.~ ere L-:cl udcd in thotte given. in n.::. Vll•GJ. 

- 19-



~-~.~<·~--------·~<~.~t~x~•-~~4~,"CX~IN~4~!~ .. ~.~4~ .. ~;~tt~J.M .. -. .. -.~c;o~p~a;;~--~~·~····p~;MW~~~WG~t~d¥~.~.~.2~ ... 4~l~ .• A~--~ 

(9) Ph. 1. 

o. 2?& I'IC•/1. tor :0 .ratn.u.tea expozr'at"e ia t'atal 1D. 48 J~craH. 

(10 ) .... ~:l.l, 
:s.u. mr-eo. 

lnlim1llal'7 .re.port o:n b rolatian betwecn lethal ocm­
cantrat1on am. Ulll& ot exg03ure. 

Ooncentra.ticm 
Kg.IL 

4 

1.4 
0.46 
o.A 
o.14 

Clriticisma 

8 
15 
150 

120 

flo aouroo ot tbese tiguru 11 not 1n4tcn ted. 
fhe le~ o~nttQ.t1cms aro those Wh.1ch ltlll 
about acr; at t1la 4csa in kn cia,.s. & .e..L 

i 

-



)If •. )!il :. 44.. '. J_& 

Of mioe. 

·------·---------·- ~. 

. gc; bl J.i J .• JJ L 

lf· mq;. 

!here 18 very littJ.e to be to~d on ~:18 symptomatology 

:D:JUpnoea 1o a. c<m~~>n manifestation. 

(1) 

on e.uto.ptr, moe llhow acoentaated rigor moru., 

ind1cat1:1:115 lao:it ot ~n ln ~ blood. fho bu.cool, plmr11'l&'Oal and 

la:r~traabeel mw.:aus ~a.• are l:IJI>eaS!Alo. eul>ep1 'thial ~hae;o s. • 
f'()'Qlld. 

· ~ l~a and bronchi have a vnrtegateci &.S};)eat, large doop 

l':ld areaa al termt ~:.:g wt th DC~rml. ~present a. blood;r aurtaoe 1 

:cyperao:cl.c on =ection, and vessels olo.&,~d w1 th blood. ~no tmlCOSa 

o·r tho l:.u~;;;e b:ronchl. is datn4hod. 

ln tho t:raonae. tile m:uoosn ls hy:pel*aemic, loss 1ntensa, 

l:lor.evor, ~.ISln 1n t.:o larJl)%; there 1a constriction by lnt:raf'lexion o! t~;.o 

po3tor1or ao~nt Tl:tl.cr~ tlJB. cartUa.e~ r1ne; 1• 1ntorn;pwd. 

(b) l.t1aros~1o ftndiZJGttc 

ln. the s.J.ll'V'tll"J a!ld sutlr.:.a:d.l.l.ary !l!lnW'l, tllc:rc; tu'e 

l~:::r;.:;o, c:J..;::a"' mcom ~ollswith trJ.cloi d13~:Jlucod. to tl::.::: side o::' ti~c cells; 

ti1:; r;l::::.llilS a:"o f illcd v.-1 t.1. ar..orj:w·,:<s ff:.i ny Itr.::CUIJ.3ell0Uil sub:;; t.:::m.oo. 

b t~<..:; oe:s,t.)h.."\;~':1, st<:: c·r? i ci d 1:.:~-::!!' ~I oz' muco s:: W.l; 

t.hri1i'r.1 into w1do lsz:l£l.llao; tbo S".l.b::S.lCosa io Oodo!!tlto;.w. Inl".J.bitiou 

e·- wine; detach..--:ont o.z !:li.l£icl~ 1::: f'o-:m;:l• !i!'l.::z":> is d1! r'U!313 ~.r:.~::li.:l, 

ln tho lar;,-u t;o l'$lC09-3. 1s mel"ooed, e:::c:toll~ t.;;d. ~:i. 

r·.::.;;>t'.ll'o:!. !ihere in a troo ooorotic infh'i.rt:ntion. ~T-..:..t;,"'"l!l.:~ntn.tio!l ot 

!!J.;.;JOle is s1:tl.lE.l" to diph~ia • Fibers are fr~ct'll:red ~C.l"t...SVGrsoly 

1~ i'!"regul~ :frar;.:<:r:~.t& Wl t:1 ona.s nl)li t or J;:;zetie 1h., potJt cr10o.:l.%7to:-;::>id 

O~ld ·L . .c tr'!l1'lSVOl'Se e.r:rtano1d tml.'!ClOS are CS)GCiUly at.::'octed prob.&.bly f'rO::l. 

t,!:::) conn:.l::·i»e o _o~u::.,: a.n.i cLoJir..,:; at' t.io lar;.rnx. 

- 21 ... 



4!4 ,t.¥ . .G :a - ,¢.. .. ( 
t' 

.w. erw ro*'oon 

(1), H.Phe 1. 

'moe exposed tar tarti: mlnu\ea w a oonDentrntlon ot 0,4416 JZG•/1 •. ahem :co large quantity at gas (above l~) absorbed into the ~loed. .&. largo qtWnti ty would. petma:nentl:y daatro7 tn. oolor1ZG Bl':ltter a: tna l)lood• but tn1a 1s not ~ case atter p.as1~ 'lfi'th phOagQn&. 

e:ttaota. 

Ooa.con tr& t1on 
~;.! •• 
O,M2 
o.oas 
0,055 

0.044 

Oonoo n tr~ t1 on 
!.:;,. 

0,21 
o.ls 
0,15 
0.1.2:3 
0.12 
0.036 
o.o:n 
0.077 
0,073 
0.()4.3 
0.040 
0,034 
q,O~? 
v.o.::::~l 

Cri tioisnu 

Uma ot hposure 
HiPBte§ 

1-5 
15 
15 

6 

50 

(a) lU.ller and Gr(X)s. 
B.ll. XXlll-57. 

-2.2-

:raw in 24 hour."s 
Bld 11 ttl.e or no etteot 
Vias not ta.tnl, 'bu' 
oeci.e:lal was _proiuOec:r._ 
~ ~ t a. tal in 6 hriSf 
oode~ and eo~estion 
Nay ba rat3.1 in 4-8 nr.. 

1 s, lo, 10, z-:1., :x; 
161 1.6, 2-:1:, ~. ~· 
161 lG, 151 40 1 64 
24, 4a, 43, n, 120 

4S1 46, 48 1 95 
441 40 1 l2J, 196, 2lG 
44: 
4!31 4S, 48 1 7~ 
~o, 2~e 



!!be 1a tbal oonoall.tration tor thirty ainutea e.x,poaur• 11&1 
~:n. u o.ofa fltS•/1. 

Oanoou t:t"a t1 on 

0.02$1 
0.020 
o.o20 
0.010 
o.ooe 

Crl ticinu b individual ~i..IJ.lsa given ln tlle t.r..ird ooltllll a.o no t o.be cJ:: ~i t.!~ tj ;..a ~ ta gi Tan l.n ~ aoO()Ud eol\llim. at o.O$ 11€•/le aZid. &t (),.q _JJrg,jl, R • .F. U. 
lb.»>ata'O a (t lioura. 

18 1 18, 181 H, .to 
19, 18, ?2, 'n, '12 
181 18• 18, lSt lS 
181 lS, lS, 401 216 
4.9, 48, 48, 192, 192 

b mtnbmm lat.hal COll.OGn'b:atiQil 11'83 t:l.icen M 0.008 'llfG•/l• 
tar ~ ll.o-vra e.rposure. 

Cr1t1cillm~ t'·.N:'k ahO"wld ha.ve boon done o.t concentrations b~lcr.v o,ooa ~·/1. ~ es tsblis.h. Ws point aa the lethal ooncontrJ.Uon. .£!,A...t. 
(3) Ph. 77. 

Lethal Oonoe:ntration if ..?haa,:;ena, ~OS ta:'O I 1 hour 
~t;:JD ln m hours. 

Oono-an.~ tton 
:-; ... ,L~· 

0.43-3 
0.1.63 
o.on 

Oritiois:us Data .!ll':i! i!1s\.ti?i'ic1ent to o~ ~Uh.b. tho letr...'ll 

(4} KtL1!1 and Oobl. 
.!?.:: .. II, .A-l::::t. 

-~-



Oonoo.ntration 
Mg./L 

2.5 
1.6 
1.0 
0.6 
0.'1 
o.t. 
o.55 
o.a 
0.2 
o.l!5 

100 
'100 
100 
1DO 
100 
JOO 
H 
00 

• 00: 

tati. · z 

0.4 ttg./1. 1s t:lken M tha lethal oonconU"ation ot pb018al24 
'tor 't':h1 to dee at tilm. ml.!l:ll.tes axpoeu:re • 

... 

•24.• 

-, 
. t a 



L RA.W. 

Slight uneasiness, sal1TaUon. lachrymo.Uon, occasional 
gn.ep!~, d.yepnoo.o., retohJ.~, olon1o oomu.lsions ot h iD4 b~a and IJ'Uda.en 
collapse. 

Pb. sa, 77, 
B.D.D. 4& 

1m ~ are usuoll7 t.l:rru.ni:uil, tina and ot an elaa t1 o 
oonsiatQnCf• She 'Dpper lobea tll1l1 alop1te portions ot tlla miMlo atid 
lower lobes are usually dark:: brown-red in oolor 1Ti th sttbplottra.l And 
anrg1nal 1nterat1 Ual PTil?hyaema. fbe pleural csv1 t7 and per1oardi m 
my oontain tree aorum. 

(l) Ph. 189e 

Oonoentra tion 
- li£.4. 

4.426 
2.208 
0.883 
0.442 
0.221 
0.088 

~s is pre.limina;.r v:or..:, 

&a o:r '3Xposurs 
v~uut~; 



z(. ' ·' $ . ~ . i 
,4.5. 

L lll»ll. 6l" • 
Pb. 58, (!&liten tr001 Zweber~ EZD• 1-'a~ 1'harap. 9,10&., - J:S}. Oon.o:: n'tl'c. t1on IJ!lme or ~oslre 

lij:zmte• 
Ro;u.lt lffi·l,t. 

~00 
e.e2 
&21 
1.09 
l.Oi 
o.54 

15 
14 
6 

tJJ 
6 

15 

Dea tb. ill 4 houri 20 Jli.zmtel • "1 tt ' " ' ·~ I • ll ~ Recovered ,. 1>1ed O'f'el' 211ght 
Becover~ 

Crt tio1am.s Onl7 one rat was U9e4 1n eaab. teat. !enzr.tne vapor of a ooncentr:..\ton about 4t tt.mea tha.t ot tbo phosgene 'lfatJ WJed thro-q;hout. ~ia .11!.\ltes 1t d.if:rioul t to tt.r• conclusions. H.A.lt. 

OQll.Cex:.tra.tion nooess!lry to kill. 
Ooncontr;:. tivn 

IJhl{le 

o.aa 
o.oe 

ci:!W3 o£ Zxoosure . ¥1ygjgs 

nat U,?OSed. to a. oonoantr& t1on ot' 0, 27 JIJU•/le for 00 
minutaa 8\.'ll"TiVed 5 hours. 

Ori ti'oisma 1:!1.13 1:J prob.:.l.tly an at>s1.r:;;.¢t tro';! ~ • .8-.:.;ro.ro:rt•:l ropOl't Ci-IOU 1n fUJ.l in ?JJ. l8':ie R..:~..::!e (~} 1!111;-:r s.n\1. G!'O:.lZ• 
E .• :.:r. x~ .. u .. 57, 

... 2;} -



Oonoentra ;ion Died/Exposed Ume ot death *·'I.e in Jimrg 

o.a1 2/2 16, 16 0.19 2/2 16, 16 0.15 2/2 u. JK O.lU i/.2 .,,., O.laJ i/a 16, 16 o.oaa 1/4 18, 18, 18 0.081 2/z 16, 16 0.077 i/.1. 18 o.o?~ i/2 48," 0.043 1/a .. o.ow i/2 1a, 18 o.oM 0/2 0.032 0/2 o.oao i/4 ~ 

Cri ticin:u fhis repor'ti la Tarr good. fh5 lethal oonoen­tration tar ro minutes U[:~Onura uny 'be {llac&d a.t 0.04 llf!.•/1. L 4lte 

Ooncontr:;;.tl::>u 
t;-11. 

0.0.29 
0.020 
o.o20 
0.010 
o.ooe 

·•. 

Elx]osu:re a ~·our howa •. 

~ ot d.oath 
1p ht?W! 

16, 16 
1a, 1a, 1s, 1e 
10., 18 

Crit1o1s.,a A co;lc.;;l:tl':Jtion shoul.d. lu.ve been O!:lt::.:blls::.cd 

(5) ?l4 77 

bet-:::o::n c.ol and. o.o::: r:.t;./1. u. :. i:. 

Ooncont.:'.:. tion 
~.t./1. 
o.lG3 
0.09l 

- 27 .. 



Qr1 Ucls.ma '.it19 worit 1a teo l1m1 ted w be ot" IIlah Tal.llfh 
'1b.o lOttoa t 00l10ent.ra non ~fi11! one how ezpoa'IZ'G 
1s twiee the 8J Dlhmte titare reporMd bJ 
.Lt. !Ailler 1n a.:~. p:;.x.u-6'1. n..: ... K. 

·•. 

• 



... --·-·· ·----~·---·--------------·----

n. J&Ng. 

~~here is ve~J 11 tt1e 11 tera~ on the ajl!!~ltoms prod:ooed when r:lb bits are a.x;o.Qed to pb.Osgone. ~\9 cml~ o~ta')mcs no"d wore 1a.ohr)'fiation and conj1IIl0ti vi tis. 

!he ,PathOlogy· ot rabbits dy1Jt: tram :phoegene poi coni~ 1s prn.ntic.r..lly the esma as t:llat at mioe a.nd t~:.at aeoUon ahOilld be oonstilt­ed tor ~is da.ta. 

fber.:~ 1a an e..o..rly rise in the nu.m.OOr ot red blood cells c:nci the 2.'ilount of ~lob in po:za cubic o~nticater o.r blood. w1 t~<iu a teW ho-urs t:.rtor exposure. ~his 1s d:ue to ooncentra.tio:nar i.l1e blood•olig&aia Which per a is ts one to t3'0 d9.ys. ~M second s t.::.ge, seccmc.i3.ry rise, l~ polyo;t~1o:;lia. m:l:J p.Jraio ~ at:J.ny waeu. 

lnhal.a tion or pllo&t,~lXl causes n quick tall in pUlmonary v:mtilation ar:.d a. nott..:.Ue did.r .. ution 1.n tll& oxygen oonsum .. otion and. ~bon 4ioxid.e pro\1\<.ot.ion.. ilhia pbenoma:1on lasts on11 With the d.urat1on at t:c.hal a t1 o:n. i'mra 1 s a qui rue rall jtld t baf ore defl.th. If t~ 1nh:ilc.. ti o:n 13 not ta t$..1, tlle ve:ntilZ'~tton retur:o.s to 1 ts orig1n;u levol. ibe abovo phcnOlllnon 1:::; of' re.f'le:t na.tura but not 1nf'luonoed. 'b7 t~tl)ll.Sral anaeat.l:lGs1a • .Lt is caused bj the pa3saco oi' gas into the up~~r respiro.t017 pa.se3.ge alone and tho 1ntans1 ty ~ eq-:.~l to tllet when inhcled in the l "Ct;)(;S ~so. 

·~~ tul.l:J:.i.!\.'~ o.i.' t.;::.; .l.rl'i tol.nt g~ in to t'~3 d.!l~:? roo.;i!'o. tory ~;c.o:.~,~;e3, W.lt'lo-v.t pn.l::.!;~-; t::..:t-OWFl th~! u:;~re:r l't!S)i.r.'::::.to:: .. 'j :!f:·~~a.:· a.oos not ~~u.::;e cti;:i::mti on of •n ·:~::.1.:.1.ti on. I-.: is c::.l.o D:.'l Ule con -.;:-:-:.1·.:;.·, to ~:.l:Oo ~:1 O".t_:-:;.1: •• t' tion o::: t.:; v:;..r.til:..tio:::. ~·-~is e.u.c,·;.~llt.:lt1on is ct.: a r'Z!flo:c n:~turo c.r.:.cl i!l not MC.)'3JOJ.'ily SO·::lO:::·.:>c.!'.iod by c.n e.~'L.1::tt:lt1o-n o-: tile ex.c':.t:.!1f1>3• 

:..~~:! b.Jt phs:s~ pc:·l Hi O!' t:-m .:.nti!:.Xl.!"t::;m fall of v·~:-,tilation s.r.:i. L0 e::.c:.1:::.r.:~'-S DJ."iJ not 4c::"vo·.:t::~ :··:-:<?.::.:::xes b~t c~.r:raLo.t1ve wi tJ" ti~ ez­blish::l.1~'lt o:' a :j·..::l.:no~w.;;.-;r looio::::.. 



-----------------------~~~ . .-~,~~--------·~~··%.~~--------------~~ .._.. A pt . 

J?, !.:'q:qorl!It 

o. 710 
o.uro 
0.~2 

o."~ 
o.-l21 
o.w 
o.l76 

J.cn: c:::m tr:.l ti on 
!\- l 

4,416 
2.~8 

o.ssz; 
0.442 

o.e3 
Q,{-4 

Titna, bt .Sxpoeuro 
m.wws 

10 
20 
2ll 
l5 
30 
&0 
a:> 

~.a. t-:1 1n 4 hours 
tl'a'tullJ t D. t:ll 
~~ ta~ .. " 

~ ~ 
laUl., 
G-Gnerolly not !::&.tal 

l.!ri tioiam: ~e letb.al can~eutrnt.1ona glvon b;y tho bri tiah 
1n il:. l a.ud ::'..J. l6i are UO!l31CI.el'ablf !l1.Jlli3r 
than tb.osa obtained ill tho u.s. a:..;..A• 

(2) Bsl:=ot'~ 
~~h. 169. 

(3) 

'l- 10 
., - 10 

10- 15 
3:.> 

15 
30 

O:ri tic1sm: ~ta are rro:1 :c.:.;lls2l l'"£Hll''t:s ar~·l ere 1n-
sut.r1c!er..t fa.." r~li:lbls oo::lc.l.:.lZlcns. l::.., ••• :::. 

1\-:o r.:1bLi tg v;or:t 9X)OSed. fo·· :1J !:lim•~:: to e c·Jnc\!;:.t:·~ti;,n 
Of (),l•l72 l-:::..,;./1. vne diod in 7 :tou.-z, 1;::,: ot:~::.r in 3 ho-.:..:s, 

.. 3J-



Vr!tiaiam: Bo m1n1mttm lethal conoentrntion 
was astabliahed. R.-A.K. Those 'f1~ros were 
only lnoiden tal to th.n ·e. in feature of the 
ropor t, t.o. o& il.Sc o:f' acute olGgaemiu end 
~rue polycythe.emia. ;,;Gw. 

(5) Miller and Groos. 
B.~ • .x..!.III-5'1 

Ucthod - uonttnu; us flow. 
Conaen tro.tion detor:::1ned by charn1cal 

analysis. 
~xposure - 30 r:inut es. 

Oangen tration 

0.£1 
0.19 
o.l5 
0.123 
0.120 
0.086 
0.081 
0.0'1? 
0.073 
0.043 
0.040 
0.034 

' 0.032 
. 0.025 

Died/~oosod :Time of deeth 
in hours 

16, 16 
192 
48, -? 
1ro. 24o 
96, 120 
192, 120 
96, 96 
'12, 144 
120. 48 
144 
148, 192 
96, 216 
72. 120 
120,168,96,9() 

0.025 mn/1. tak:ee us r'.',1ni~·,u,orr: letlu,;l ccncn~-,tr::t~cn 
fo::- !l :·so min:Lte ez.:po;;,l.T'e. 

l.ir it 1c l::~m: A con~ en tra.t ion belo;' 0.025 r:::g/1 
shotlld hnvo 't;een est.:!'o 'ish01.i P...nd. 
te:..:Jte d.. IT •. \.:·:. 
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--~------------------------------~~--r-1 

b!.x;E!O!uro i i Roura 
Conoen t:ra t ion :Vie dL enos ad :T1 e o~ death ii&ll Iii h0lll"8 

0.029 !/.2 1.20. 120 0.020 t//4 .. 14:4,.!4,120 • 0.020 • 1/.2 . '12 • • 0.010 • ~r:;e. ?2 • 120 . o.ooa 1/4 : 168 

0.010 mg/1. taken as mtnimtlr:l lethal conoen'trntion for a 4 hour exposure. 

\Jritioiam: 'this ie a aornp1..-:t~~ acoureto report. H • .a..x:. 
( 6) H .D .,..; • 3. 

Ph. 66 

0.0736 ~/1. exposure for 1 hour oeuses denth within 24 hours. 

crtt!o1~: T.his figure is thren times thst established by Ul1l~r for 30 minutes exposure. n.a.x. 
(7) l'h. 77 

'· 

r.:oncon tr!l ti on 
mg/l 

0.4.33 
0.1635 
o.mna 

- 32 .. 

3/3 
0/3 
0/3 

' I 



Clri Uaiema !be lowes~ lethal tigtuoe SiTtm u tll.U. repozot 
ta 11x umeo tllat giYen far the •a.me o.a:posure 
ia anothw Bri tt.h lie.port &. ll.D. a v .Ph. &s. ' 

.H.;.. "". 
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/ 

Ill• AA11a 

!he only a~toma DOted in the a.Tatlable 11tera.,ure are 
c;vanDais• cl.ppaooa and retahi~. 

!here h Ter7 11 tUe available U ~ture em tba pa tho­
loQ ot oata po1aone4 bJ' phosgene. fhere have \een tou:ad pnlwmart 
o.~ lntsrat1t1al amplqaema, caq~o~ f1Utl"lc and 4uo4atlal auooaa 
w1 ~ haemorr:taslo aroaa. · 
g. PHr&QWXI 

b ao1d1 tr of urine trom oa. ta gused •' a OO!lCQntra tion 
aL from o.oo • 1.1' 'lllg./1. reaohes a ma.irma on the 4.th. d.e.y atter gaas1~. 
fbe ret'Ul"'A \o nor.ztal 1a alow. 

!he ~..1't1oient ot Robln talla \U1til the 4~ cay, atter 
Yhi ch tMre 1.1 a alow and :regular ~be "<> normal • 

.!:lb:Oisgene giTes a diaiinotlf ditterent om"Te tor &01d1 t7 
ot urine than at-.loriJle ar ~oeyro:do a. «:ddt W1 th which 1 t waa compared • 
ff.U.e ~ats a. possible m:>thod ot d.1agaos1a. 

Cvnoon tra ti on 
N?;r(le 
4.416 
2.208 
Oe6S3 
0.442 
0 • .2.21 

k;;orm:ro in minutes to t>roo·uee llJ, tiM!@ (lea the 
1 
.a 
6 

lO 
10 

Ori tialsnu 2te COi;s tant relation betwoou time and concen­tratia-...t tur th9 f'i:rst !om· OC$ncentre.t!o:ns is -very remar:!r...able4 li.A..L - ~l-



CbDoentl"atl on !r.liJ 
o.~ 
o.w 
o.u.o 
0.061 
o.o74. 

12 hours. 

J'a tal 1n 18 hoUri 
G-Wlll7 ta ~al lll G hoa.ra 
.Mq 'be ~atal 1n 1.2 howl 
llot taw 
Bot tatal 

Or1 tioiaa »ate. a.re uumtt1obnt to onable 4ra1i"1ne; ot ccmoluaioM. S.t.JC. 

Qmoentr1lt1ona requ1re4 to ld.ll •' atated time. 
1oJ:IOBn tra t1 OR 

'&4. 

Lc 
o.u. 

not oleer. 

(4) H..D.D, 3. 

(5l l'll. 77. 

il:lc;? o sure - l bo 'lr 
DGe. t!"~ in ~ ho•.n-a. 

Coucu:..lt:rr. t! 0.!1 
=l!c..-i.J.._ 

o.433 
o.l.M 
0,092 

-35-



___ _, __ ----------·-----· 

3 inch 8h· 11 cont.ninL.g 6:-'o oc·. ":Jhosgene ex­
ploded. in ahm-,ber of 254 cub. m. oapao1 ty. 

Theoretiosl concentration - 3.25 mg/l. 

1'hr ee cats : 

fl o.n floor died 2t hou.ra. 
12 1 m. from :floor " 5 " 
f3 2 m. ~ " • 6t • 

... 
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P.Y. VIII, .\ IJ86. 

l.&ohryma.t1 ODf dopress lo~~t ~~asal 41.aobal"ge I:D4 retohiDg llilllre noticed d:Rri~ a tleld toat, t:r011 wb1ch tba e;aaw reaot'ered. 

It WR9I.SXU'a 

ibis 1s fi0Tere4 11'1 a g811C"a.l. nrt!l tM obapten on ~ pa.tholOQ ~ ~·• eate aDd. other laboratar7 an!sall• 

Q• PHI i OJ.OOX a 

J!na ~ ot ox~emtion ot Yeo• and e:rterial 'bl )od 
1n goat~~ gassed. wUh ,phOf8tDt 1» s.h.O'VB in t.tirM ·~"' artert&l. and. Tenoua bloocl narallF ~124~ ar~ial blood narm&ll;r (lle'Jgenated, 
TeDOUII 'blood d.ef'1c1an' in OXJBG!llt bot.b. arterial tnli 'f'SDOU& l»lOOd.. 4ef1• o1ont in oxnen. 

!he Oll.5el of po1aon11'8 appea.rs not ~..; ~t'1o1ent ax:~ena­tton at bloed in lw-~ bu~ u inarea.aeti r&duoti.otl ot blood in capillaries • 

... 

Oono,,:mtl':! t1 OU Ell' OS Ul'a Rasulta 
•••••~Me~··~'·l~·~~~~-~~.~-=.-l~iun~~~~~~~~··~DA~~~~~~~===~ .. =·~====== 

~.2'!. 
1,00 
0,77 
0,5{l 

3 
3 

lO 
lO 

- ::;•? .. 

ll!nil':l.ltlm '!a t::tl eonoontrr: t1 on 
llot tntal 
J'atl>.l 1n 24 hours 
Hot fetal 



Oonoon tta. t1 on Eq;o:J'J&"C to Produce 1\l uma.t e deeth ••~======~=~"~l§~·~/~a!=•~·~:~·~~~=·~~·~·cn=:rr~r«.rw~·~~=~~~m£~n~B~)M~~--~=-~------.-.--~ 
1 
e 

10 
flO 

(8) o.w.~ XXII -part lu. 
OoU4en tra. 'C l on 

*'.f!• 
~c, ii·~uueo. $0 ki.ll ln 1ta.Md tt• 

llllffiY! ' 

0!-i t1 ai l9n a :rr-, ._ or~i nat da t.a. R.xao' JRe(. ntn~ not Olea..r. 
R.E.JJ. 

-$8-



ll!i&!iflll4;;;11'1ZI!'Ji.S:li!!S~.~a.•aii'!!'I.I!\IIJIII!£*'&""¢irl!!ir.I~;)II'"*.P_.,l"" . .!4WIIIII!ftl.i"lt4t!~$1)!jjj;]ijll!'lWii-t.et.-..... A!!!I!Jt.LQ!Jtlt~Lt!ft!!.)Ptlt.:m:4&:li!1.!!1!.1M····-nq-Q{(Iifi.;-J%~~ia:a·· !IIJ!IiJ!!!ii!-;aQIII· {f,'ll.i£~A'!II!!i2"JPA!!f!IQ!€Q!!,.I'!!44i4i. !IJJ!ti~),J41!11!. !'lli4JI.!III. ti!IJ1¥t!PI.PII!IIi •••PUII!'I41111&&_ 'lll!itll!li-:Afi!!MI'!l. -~.wlli!:Pi'!!. /-""""':r.ro .. 
U= qpm• Pms. 

the (A.) a;p~ptoatolqw, (:S) pe.tholoQ" and ( 0) ph;:ra1olou 
aooUons aro crs1 tted here and on IIIOn.lceya beoauae ot aoaro1 v Ctl data. 

4 • .&16 
2.208 
0.883 
o .... u& 
0.23>8 
o.osss 

Cbnoen t:ra tion 
¥-v,/1. 

0.88 
o.os 

(1) 

Or1t1o11mt !hi fo~ minute ani 'twQnt7 Jd.nuw oonaentro.Uo..lla 
era awarently low. U. L-X. 

Required to ld.ll at ttatod. Ume 
,W;»tpp 

A.,gu.inaa pig &X.fHBad to a oonoontl'o.tion ot 0,27 llf£•/1. 
surviveQ. tour hours ti."l.d tlurty minutes. 

Or1t1o1sna ;..;oes not stuto where .t'irrur:"e" wore obtlin.od. 
lia!.lnir.g 1o not v.1r:; ole~. H., .• 4. 

- .Sil .. 



Oonoentrat1 on 

"·'i· 
0.21 
0.19 
o.u 
O.lU 
o.uo 
o.oN 
\l.OSl 
0.07'1 
o.oYa 
0.04& 
0.040 
o.oM 
o.osa 
0.025 

(I) JW.ler AD4 GJOe•• 
Llf. XX.Ul-6,. 

l&etbod.- oan.Unuoua tlGII. 
Oolloentra.Uan det~dned lJ7 oheraloal anal.yaie. lbpoaw:'O • 10 .mnu-.. 

16,-11 
16,-16 
u,-16 ,, 
16,-14 
18, 18,-18 
18, •'IJ 
&, -u 
18, -18 

0.073 '1Jf6•/l. 1a takp u m1n1DUD. leth.a.J. oonoentrat.ion t ..r a :0 minUM e:%pOS'Ill'&e 

Oonoontl"'Q tion 

0.029 
o.oro 
o.o2o 
o.olO 
o.ooa 

Or:\ t1oisma ~ds ls a. complete rep,J..rt and. o.gparenU7 
&OQura te. .H.J. JC. 

'· 

1'i.M or aeo. th 1n hours 

J.a, •18 
loa, -1n, -1a 

0,020 Jttg./1. 1a t::ut<.m ua m1n1mum lethal oonaent:rat1on far a 4 hour exposure. 

Cr1 ticisnu 1fu be ah!1oluto1J conclusive, Ot02 rJib•/1. 
e1lDill.d ~ ws ted a:.:.,"Sin. :a.a..x. 
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( •> u.:o. n. ~ • .Ph. z, .Ph. &&. 

0.220s 11{5./1. exposure- tar om hour cauaed dedh in 12 hrs. 
Ct·t tiobma \me lri tish in .Ph. 189 ~e:ported th& a.sme t1t:m"Be tor a 10 mt:zm.w .Z.,o.ure. H.A..X. l'h1a 11 not given u the mbw:m:a letbal oonoentrat1~ a.a.~ 

(5) lh. ,, • 

lbpoau:re one hour, claath 111 24- hOtU"•• 
Oonoentra.Ucm l>i#d/11:l:.p011e4 Kg,/1, 

o.•33 ~~ 0.1688 fi/1 o.o918 ~a 

Orl t1c1me OcnlOtJptraUon below 0.09 'fl($s/l. lhould bave be·•n teat&c1 ~ esbbl11h a detin118 lllini.DnJ:ra le'thsl oon09n'traUon. li,.!i. x:. 

- 4l -



Oonoentra.tion 
lr./1. 

z.aoe 
0.86$ 
o..aue 
0.28>8 
o.oesa 

Cbnoen tl-r. t1cm 
• ~;.,Q./ 

Conoent.rnt1on 
lt· llL:s:::c 
0.061 
0.066 
0.041 
0.035 o.oso 
0.017 

1 
s 
J 

' 20 

O:r1 u e1ama 8ut!'1 cicm" 4ata 13 not given to ot~llliah the lethal ooncentratio:n tor 3 Jld.nntes. H.J..X. 

~ k1ll.:a~ atate4 Ume 
Snntss 

3 
so 

Ori t1 c1sm.a Report d.O<ils not 1 t4 to wnoro .f'ir;ures were ob-ta1na4.. '.lh.ir ty m1. nu to t l.gin'e is tw1 oe ~ t obtained by la.ller. l:!...a..It. 

(5} l!!ller and Groos. 
B .u. x.v~u ....o 1. 

~t'..:od • OO'!ltil:UO'':I.S f1t:m 
Cono3ntr.::. ti an de t-:lrl"\i:nod by o1:e:."";J;!. c.:.J. analysis. Sot.? C91ll'O - 30 m1 :au tes. 

tizno ot douth in houre 

10, •10, •10, -45 
12, •16 
10, •10 
4.8, 
lS 

0.041 rfG•/1. ta:i!:'an as the minii:na lathsl connantr::ttion tor a ::.0 minuto OX;?OSure. 

C:d tio1sas A conclus!7e rel)ort. 
... 42-



A.S..li' ... 66• 
A.!C. F. ~ • G-6. 
Ph. 1'1, 40, 15$. 
A..P.L 81:, J. J:o. '1. 

\ 

.Phosgene aota as a res.Qirs.to:ey 1n1tant, penetrat1n_; to the 
\ermlna.l ai:r oella o:t the lunp. !.'he ~pt>t0rl8 w..toh arise are those 
01'11ofiy duo to want or ax~en cU1a to 1mpaire4 t=otton1:ag ~ th$ air calls. 
ln &dd1 Uon, there 1ls lachry:ra uon. aalha tion and nu&l cUsohs.rge. Attar 
a::cpoaure, the anall ot ih.o gaa raains eubJaotiTOlJ tar aeveral hours. 

1be •112 ,toa~s noted upon e.xposu.rt to low oonoentraUons, area 
Irritation ot the resplratoey passages, co~b.lng, 4lap:no$4, constric tton 
ot tho chest aDd lad:lr;mation. bse a~toma later cleora_. and dis• 
apPfS='• 

Rx:poBUI"e to h1f.;h canoentrationa \11Sual.l;y produoes rapid., 
ehcllow ar..d. labored bre&t.."li:t(), burnillf; p:li1.: 1:::1 the Cb.a:st, na:aaes., rotch1I{; 
and Tomi ting. This 1s !ollowd by head.zl.ahe and asphyxial sycptoms (respira-­
to:ry poro.xysms endiua with ga.a:gi~ and tro1t11 Jl'iiUCO'Ill tr<a the JaOUth. 
fOOre 1NJ.y ba e::ttreme re• tle•snesa and ar.xiat;r ~ semt-o.oma. and d.eliri una. 
1!l0 blood allows an 1nc:re~e 1n hrMt'lllO@'l obin, due to 1nareased oonaa.nt!"ation 
0:: re~ corpuscles. x-ray ~nations ano·r18 dilatation o! the right 
heart. .Bronoho-pnaumonio. trequoHtl1 oocura on the !ottrth ar !1!'th day 
d'll9 to aooonda.ry 1nfeo't1.on. ~il11S 1s aocOllqXl.Il.ied by-inareaaed fover aoo 
a purulent eputum. · ... 

'1'10 se.s hu tl. 0\1l'iQ\'iJ o.llt.rr~o tar is tio ett'eo t upon t."1e t.::l:s tu9 
0!1U!lirG tr!o ou.or Of toboooo a"::Or~~ to to vr::rJ 'Wl.Jleuaant. 

vna o~ t'.:o CO!::tr.on t:ncs o.= s}·;-;pt;,:>;:~ n:ra 1"raqttel:tly a::r.:~i :..i t·.,J. 
in c..-.eal.l at p:-:oajene po.tson.t~. ·~:a ,:.-red.arui~lt type is o:w.rs.cte:rizti') 
1TJ an ashon pallor: t."lo lips U-6 load.en oolared; respiration is raJ!id. 
and shJ:lllow wi tll 1ndicnt1ons ol.' intense ooaeca Of ti1o lt.m.:,-s; OIJ1.:t;;-;h1:nt; 
ie fl"oquent; t~ p'U.ls~ is l:Y:>-140 por c!Lnute, "MJ8.iC and r~; end. 
goneral oolle.p!Se folJ.cr:rs. ln t.1e other type t.herD is disto.nsior.~. o.r t~la 
auper£1c.i.al veins of tf10 face, ncak: and ohast. 'fl:w l1,;1s au:l ton,::.7~2! t;J:';.,; 

blue; h't'acth.i:r.c is decpel" a.n'J. more l'.::'.pi ct. brt roay be a ocr~ wi til 
e¥.;>•3otO!'t'-tion or t.11in fluid; the pulse is l)) lJOl' min~v,, tull a."ld with 
good toLL..'lion. 

- 41i .. 



S;?J19toma o:r -p2!oaeene po1son1!l(l: aeldoll tcqur iMB<U.&lelr, ·1:n4 -

d&atb mar •··:.ddenlf ~ at't\\r an ln~el"ftl ct.urlne whtoh no tip ot 1nJ1D7 
wu obaen..t. Tor1 oft<tn ac. lneap~o1 tr tar tsertica eld.au 'Which 11 OM 

cd tb.e moat marltad ett'<~CW ot the P•• · 

!!J6 oovse ~ tn& dit•u. 1a largt.J.y 4ependant 'ai"l011 ~ 

ao't1T1ty f4 'Cl.e patient at~ b-ei.D,g p..wso-4.. .&xposuriiS to h.1gh oocoentl:'.:r.-

t1@1J followed bJ' oomplate :rae' and plon't7 ~ troah a1.1" baTe attan l"- to 

re¢cmtrf w'bereaa e:x:pot".lr;j& to lowar eo:.n.centrattou follO"'..d by uertio:u 

h&Te of' t6:n hrsul 'M4 in clee.tb. 

Death 11811All7 oooura w1 trr.iJl the .t1rat taree ci:q8 aru1 l8a¥ be 

Seoo~ 1nf'eotion •r oa.use deaUlevon atter a month ar 

On ge-llel"el 11ma tj,G •Jm.o~omatolou tar p'hoage~ h t11'1lilar 

t;o ·~tomawlogr tor o.hlorine, but tha EnnU at o:naot 1a cU:t'torent. A.tt~ 

an 1tJ.iticl ae1Ulat1on ot intense auttoca.Uon with aaDS~oUon ot '\'b.cra& and 

aentation aa tho-ugh ~ hOU't had atopped, the 11an who h..u br&&'-be4. pbo1gene 

a;.>psl"entlJ reoovon campletcfl7• At'tao 6 to $ ho'Gl"'' (11JitUlll7 10-1!) 

t:m rtJot:ffttry BMmt complete. lhen suddo~71 on ooo.aaion ctt pl::t;,rsioal 

ef':fort or _pa.ssl~ h'oa ~to~t to cold., ar slight 41paUTe t,:r,:.uble, tho 

patlent is ae1Se4 b1· 80UM oed..em ot the l~ and clies eomoUmes 1n a 

'tf!llll atnu~s. ln too light C)El..tee 'Y<'hioh ~~.:ro in 1iho ma~ority, t.b.ere 1s 

doTel~n-t; o£ pul..lnonar;r ei!lphysam& w1 th uanaa.ts.on at a~tocaUon a.nd 

lncreo.aed arterial toll810n. fiJese siu JJ.\9n ne1ther CO'I.lgll nor apit. 

When death doea not ocota" at ouce t.>a pl'OWlO&ia 1B generally good and 

raoove:ry in 8 to lO clt\:f1' wi til o.bout the •~ oh.snoe o.r la to bronoho 

pulmonc.ry ooropl1cat1ons aa w1 th Ohlor1M. · ~ e&no~G uth.ema and loaa o:l 

-woieht oaonre. " 

In atuc.~·i ,,., li!.:J :pnthologicul tta.?aot of :9llos·:,ene poiconint; 

on !:tit<n• it lili.1JJ t b9 re:Deutb-~r.ed. ~1l.li t the ctl ta h::•V'9 ~n col.lec ted f'rom 

ropOl'ts on ba 'ttla cr~s\'!.~.t t 4.98t tmd that thero wera probatly DO col!le8 ot 

purely phatl:;ene poisoni~ 'Qlldt~r '\:attl-s c.."lndi tiollS. 1-'t.os~-ene, 1n cJ.otri 

atta.cn, wns mixed wi tn cr.J. oril!S, ru1a. ~10 t\1'0 gases a:ra, to a. lm-se dGgroo, 

81:::-lilar 1n notion. i.ne pl"1r;c1pal e:tfact:s ~ phose;gL!3 lUld. ohlcrh~ Qf>pea:t' 

to be 4ue to their asphp:1JP.1t aouon. alc1t3 witt loo:ll poisor.itl({ and 

carr o :.a 1 o:n. 

.. .(.4. 



Ja autopa7 wu p..;armed on a aan Who cUed e.S.Sh\ ~ 
Di"ter gassing. fbe Wh1 te mttsr d: both cerebral hQmisphG:I:'e• wa.s filUM 
to oo.nta1n large ntr.ibers <:Jt par1va.toul81" hemorrh.tlgee, uni.forml;v aiatri• 
buted. 5he o<rp'WI oallosum oonttlined '11JJtJJ:J:3 h.enorrhaaes. A. part oc 1he t 
donal cord sb.c:m'ed bemorr~oa in the 19h1 te matter. 

lfo.aonbagoe ot the White ma "o:r ot the brain oaow 1n 
large n\lllbo.rs oz aou.te oaaos fll pa polsorsi~a .:»:'a frequently trca 
pbosgene t.han :trom ohlorina. tba bre:Jic1~ 4own ot the lUZlga ~ be 
aa.1d to be 't.l'lE!t pr1no1pal feature 1n po1sonlt6 by aap~ant paea. 

Or1U018llll thJa re_p<lt"~ oonsista o£ a poore.l 41aoussioa 
of pboagene po110n1~ 8114 4oea DOt co into 
eWl•· 

In thia ro?ort a.ro <Sosoribed the f1ndinss cr£ a tm2ber 
a:. autoplliea on aoldiera qtru t:rom. t110 etteota or aa~'Jd.ani gaaea, 
but whe thaZ' tlle ge.a was pho :sgana or ohl cxr 1 ne or, liON probably, a 11.1% ture 
1S not eta t&.t. O:mgo s t 1 o:n S.."'ld oedema o£ th.a 1 'tl2lg and. ro sp ira t or.y 
~~~ are ~o outata.nding te.aturo•, th.o~h o.lmos~ all the organa wq 
be S.nJ wed. 

In O:las:s of c.\a3 t.h o.t 24 hour• alter gas po1oo-:11IU, the 
tl:ccheu 0..'1.0. ln">-Onohi a.ro purplo red 6...'1.11 oor-69a todt Whi.lo a tl1in ex'tldnte 

w.:;llu -u:p into \h.em tro:n the l 'lll:".t;::l.. ttho lo.ttor org~ns arc h9ttV7 o.nd 
oact.ur;ntous, Whilg aoratac1 1::~1eh of a:~hyserllO.tous aver d1ot11nsion 
al tcr:nate with ooprossed pur .. lo pa..tc.h.es Oi' collapse. On seoU.on, lieriou.s 
f'l uid drips abundtlntl.y t:r~ ~oo lung tis !'lUcJ. AJ..r t.h.c:.t r..JU~ e:s o.o.ped 
fl"'oc; T'.liJt'l.U"cd ves1ole 1s soon 1n o.."'l.:t1na of b'U.btles on tr:e aurf'aoa ol ;be 
l'llflG'S• a.L .ng t.ha interlobUlar fissura and ovou ponotl'at1ng t.:;e t1aaua ot 
the media.stintJL In some 01" the earliest oases, t:1.e most intense dis• 
ri;pt1Ve e."aphysoma may bo observod dest.:roy1!€ tl:l.a air sa.os o.nd. inter!orliU 
with tho ci:roculs.tton of th.eir wnllas. 

- 4,_1'\-
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.?etochial h<m:orrhtigr.+-n appen:r.· .on tb~ s:u-1 .. ace 
of i.hv ltU'l{!B, 011 tr1e hn.nrt. ancl,L?J.OO .On tho inner 
aurfs.oe o:f the stomach. ral.l tlHJ veins azoe ~rreatly distenood anrl the sbuo'mir:.nl visoa.r!, ere engorged 
with dark rei\ blooii th(l.t olota YrJr;: &~~.rly a.!ter 
death. The hanrt itself mf 'f i':!!.il to ebow right 
side clllatation, fc:t." this cloea not of neooRaity 
S.i?POB.r e!'tar death in oaeea o:f' a&pbp;tat1on. 

I:f the t:lln succumbs at e. later datl\l. 1n­
flf.!!!nn tor;; o ompli CF• t 1 ens e ppanr in t..l:l e lungs. 
There ir. eupe:c:fioi:al .?leurta,y, aurttt•3red bronoho• 
pneumonia and a :purulent secr11tic..n In the \ronoh1. The seroue exudate ~ill then b~ ~ound to havo d.ts­eprearnd end no fluid drops from tbe aut aurfsae of th& luugs. 

lJ • ,ttfiY::s !UL 1J\z"'Y : 

Chf:..nges in th£t blood of rr.bb!. ts. following exposure to phosgene. From Physiologiosl Labor­stories. CBmbriog~, z:nglann • 

.C::X·nor !manta w 1 th rabbi ta exposed to R ooriooo .. t:rntlon· of 0.14:72 rng/1 for 30 . innt~s ahowe that 
there was ~~ enrly rla~ in th~ nu~bgr of red bloo~ 
ccrt:"tlC3olos (t":O'.lto ol13gaer.1la). 'l"h:fe- rise rvrntete £or 1 - ':! dr!.ys. 'l'h:Jrn is also 11 seoonds";,r rise, 
a true pol;;oyth!H.md.o, which msy 'JI'lrsiet fc.r mP.•1Y 
weeks. 

•r1- ·~ nr• :.121~" c-:" t:·,r.: ;.:: c t~to oligemia .ls t:b.e loss 
c~~ :;~,;:.:r ::"r::~· ":.": i:llco{., c~.:;D"n- ~: cr·nc~n•tr;:;tion 
o.: t. !Cl"·:.~:J:l·:th ;J;: e::~~(··:-·~r::eq'b'li.on, it wns 
:fr;U;.""lt'i t· e.t t:ero was <:!n nv•HIJ~~c 1nor~r-.s~1 o:~ 1'1)[, in 
th::? nttrr.her o:..~ i.'J·., b:,1 o~: c~;ih:·; "lith1n 3 hc.urt:; nft"r 
expo:;:n.u·e to a canc:jntN:tl(;n of 0.1<172 mg/1. It 
;,as nlz o d'a te.:r d"~t.ed t!:~• t there \I#S.s a d 1-: I nut f on o~ 
&!'prox!':: E .e!y 15;; in thc, total volU::~a of blooci. 
l't is wus dater~'lino' b:;r bleeding the rabbit from 
tl: e oarot 1d .. 

• 
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~¥ macroeoopto and ~1orosoop1o ax&minatlon o~ 
th~: lungs. it wss :founc; thet the ol1gaem~a had a 
def' inl te rale ·uonah ip to tr:e e.l':'lou.n t of pul:r:on~;r1 
oedema proc :wed b~, tho gatHdng. 

Other faotcra contributing to ~ligaemla w~re 
~oun6 to be diminution in tho fluid ocntent or the 
bloo~, gener.aluer1 t1Bsue ooderrJS duo to oinoreaaed 
oamotlo prassurP. c-r th··· tissues caused by lack of 
oxygen, out.flowln·· of' fluid into the alimentery 
onnal •. and an outpourL~g o~ adrenaline. 

True polyoythaemie. starts about- tha -:'th day. 
It may persist as lcng ea·a weeks. In aueh oaa@s, 
thare io no pul~o~ry oedema. The condition 1n­
d1oa.tea a f5ef1n!ta stimulation to the bone n-arrow, 
due to tho de!ioienoy o! oxygen. 6xpGri~nta on 
aonvaleaoen t nni··:als nlaoed in e. chamber con ta1n­
ing a high peracntage.of oxygen. showed tnnt ahronio 
polyoytbaemia could bo temporarily a.bol1s1:ed by ex ... 
pouure to the i:1cr~s.sed oxygen. 

0 I TO..!IC I!~Y: 

(1) Sher~ooci and ..:in;yuer, 13.l~. r{-35. 

To detettJine the s;nalloe t cone entrl"tt:1 on o:!' 
phosgene which oa!l be dl'lte.~ ted b.: r.-touth. 
thront. and lower reMpirstory tract, 

Conr~. 
tng/1 

: To-tul f:: :~os 1-: ....:oubt-: Nee.: Jcub t-: T! n:::· c:""' ·~os. 
?eats :t1ve :ful 2os : ful : Tcstn in ~nc. 

o.ooo: 8 
o. 004: 9 
0.008: 10 
0.015: 9 
0.025: 14 

:test~: t~:; t s : 7f'sts: N ~f!. T-: ;.an .~:.ax. Aver. 

0 
1 
2 
6 

12 

0 
0 
3 
l 

8 
8 
3 
1 
0 

0 : -
0 EO 50 60 
2 :. .35 00 41 
0 28 60 42 
0 10 60 32 

=== 



> 

( "f.~ Jtll. .. 

a.xPct•nb. to utserlliM peraoD:IIl. t'M101' ia tett~ boz 

I • ... I I 
0.011&6 • • • 8 .. o.o1sa I 1 • I 
o.Q266 I l I I .. O.Olf66 • ., 

I 11 
o.o~ I 17 I 4.9 .. o.o1 766 • 11 ' M o.ouu • I • • II 0.0441& • 1 • I 
o.o55o~ • 7 I 10 II o.Clfi&oa ' 1% • M 
o.as~a t I • 6 II 0.(X)888 a a ' o.oaso& • -' • ' .. 0.08801 • ,1. I a 

!:\')~ - ...... _,. - $15 Oan ttan4 atr:Ollg'el' 
than o. 00808 ...1 
fot[;Ll 56 

fha euLjeo1:11 in the tollowi."qt tleat were t10 t aoouatomecl to pa. 

!ll"es.ld.~ dawn a lfo. a f;, o! Bo .. ul;reut~ """"' a ro. •!£ ot No. 
,gg;l9J ~=!IPMol! • t;es lJ?\l 11 ogpg, w• {1. • ;w ~eog ' ta'W a 

·I I tl I · 1 
Oe006S02 I 1. I 12.6 U 0.00802 I 1 I 12.6 
0.01?604 1"' 3 I Z'le5 II Oe01::36 4 1 12.5 
o.o25roa a .2 , 2.5 u o.ol?504 1 2 25 
Oe044l6 I 2 I 25 tl 0e036800 I 1 12.5 

1'ota.l - - - - - 8 II 0e044lo I 3 I 3?,5 
fotal - - - - - e 

~"le Zli.A::.i.tm:14 conc'-lntra ti ons ( 4-3 por11 ons tested) wll1oh cOUld. ~ 
'be bre.:lt:OOd for 3 minuted '11. th.Ol!t sa::-iou.s disoa::lf'art To.ried trom 0.000032 rt{;•/1. to o.oa832 J:f5•/l. Aoout me-hal%' of' the IJUb,jeota tO"..w.d. o.0354 
'll'€•/1. to be the Umi ti~ ooncellt'.rat1on. 

Cr1t1o1sn:u !lhs "brauking dO\"y-n concentration" te apparently 
the co:r:oentr:::~. tion which lVS.S tm.beo.ru.tle far a pt)l"i od of 3 minutes,. but 
tlli8 if$ not clearly 1nd.loa ted. 14 ~ !!. 
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(8) B. D.l>. as. 

.A. conoe.ntra.ticm If 0.044 •·/1~ pr~e<l 1rr1'-I.Uol1 or eye•, 
npae and throat with o~h atwr 6 ·Jiinuieaa od.al- perceptible at 0.0044 
llfl.•/1. 1be oon,Joota:ral. figure g1Ten to~~Uiua etteoti.Te oonoontrat1on 
is o.ae rrg./J.. and :tor ~- aate concantnl.tiOil 0.02208 "'S•/1. 

(4) Ph. 1. 

11'1'1 taUon ot eyes prOduoed at 0.01154 118•/1. lntanae 
trn tau on at o.•22 mg./1. 

OonJeo turlll. t1ga;rea • 

lfa:dJa1ll taler able C1):rJOQntra tt on 
2. n rtJg./1. tor o.6 atnutot esp01m-e 
o.ss '1118•/1. tp 0.0 .. .. 

0. U04 'lllge/1e 
Jltnim'ID le\.bs.l. conoentre.t1cm.4'or a Sl Jd.rmh" exposure, about 

(!S) .P.R. Y•22D. 

With ellQB and nose pro~ tad the mi.n1Dl'llt'll oonoentratton Which 
e:m be doteoted b;y tho throat and. respiratory tract wa.a found. to be 
0.2) ao./1. 

(6) lh. 13. 

(7) c.c.P. 6064 (#148), 

~ . 
Di(S'ht observo:rs ex;~osed to a conoGntrction ~ o.ooae3 lf:{;•/1. 

'tor 2 min.; odell:' wn.a Tar;{ IXJl'Oe:ptibla, only 011e t.tlOI..l:;h"t intGmity ot 
odor diminisha<4 4 oompl.D.in.~d of irritation o!' tr./00• 

Oonolusioru thore is ll:z?Pll'"ntly no tn tigua o! the sense Of 
smell in t:t.a oatte 01" p hos&t)ue• 

.Mote a 1n worn~ w1 th phosg-9l'Xl in the ~uxicol qs1oul. 
Lo:bora.tocy at Bd.gowOOd. "'rssnal 1 t has bce:.~1 found tbllt phosgene dooa p.ro-
dlloe tat1guo of the sense ot &noll. R.E.U. 
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(1) l'.!. Vlll ~1. 

foxic1 t7 on dogs, .Phosgene atu1 lb:cato%'0.. 

A. mixture Gt sot' auatuf1t m'f, pwe phoagene at at0 a. 
produoed &ta th cm dOg I ln. a alt&h U7 lesa '1me tba.n eo~ =a tar4 U4 

in% crude phosgeue at a>O 0. 

Qri'U01DI 

(Z) ~ 

tes'k 

ConO;en tra t.1 on 
roo-, (1. 

o.so 
0.50 
0.25 
0.25 
o.1o 

.WQ'l. 

W.X 1:ure tiO oo : 72.8 p. phoageM 
48. IS oo -= 68. z p:s. aus ~~d sas 

(a) ~ doep \'1..1\ld ·~ eaoll. aon.oentrnt1on ln tho following 

b.poturt 
llliputat 

15 
6 

a> 
\ 6 

00 

l\e81ll tant 
P<teytbf 

1/3 
0/3 
i/z 
0/3 
0/3 

:Resultant ~aths 1f' II.US'ta:'d gu 
Md .Men qsod aogezatg!Y· 

all 
aoxao ( 1/ a tor pllo9BGM) 

aJ.l --
•· . .:;. : :?.::.:,. ~.L::--:.c.:-: :z::.::::·-.::.lesiomJ en the rurl.mala uaed in theeo 

O:IL!?':'!rimonts seet1 J.e~a toV&l'e tnnn tllos~ f?r,.;civ.e.od. by pure phoegane. 

Conoentra Uon 
w-11. 
o.ao 
o.oo 
0.60 
0.26 
0.25 
o.1o 

tb) 1 ~ uaed 1n o~oh tost. 

-~-

Result 

.Died t11' ~ 4 4aya 

.Killed af'tel" 5 dayw 
l)1ed. 00: tar 6 days 
X1lled e:t t~ 5 da~ 
Y.llJ.ed e:' tar ft cloye 
Killed fJ! ~r 5 days 



Oonol.uo1ona JU.x'C'I3"e• ~ -.:us1ta:rd. pa and phOIS(feDII (50';& Ot oaoh) ar• l.eoa 'lOllti.O tban pw:-e .watarcl caa CW pure pbottseM• 

a:r1 U0'-8111.1 !bar• atJ<Jme.;~to 'H tiOO U. tUe data w enUre17 
JustU'f tha conolueio:n. p.,.g.g,. 

(5) Mazotin• S~le And Dall~ige 
li•L Xl.VII-M, (12 ). 

lr.UxWH ot DRUi&rd gu la>-e6~J ~ plloagena (20-16") 
~oit1 ou d~a. 

Meuocll P~ne wu d.iaplaoed 1n tlll8lt '&)7 ocmoen.trate4 
eulphur1o ao14 te1 obi&.t.n oonoeutre.t1ou and o.h4CAla4. 'bJ &nal.J11a. two 
ge.aea were m1.z.e4 ana. rtm. into p.at1q Chalaber. Yen'Ula'Uoa 1J1t CUII1:og 
ohambera 250 1/mJ.n. atllltu'd su oanaetLti:raUOl:! oalclila ted. '' los a 1n WGight ..,lhOd. 

Rxpoaurea eo ainutu. 

~Qflt\~~~ Pll. !iial~ I • I a»ela.,a<l clotal &1\eoOTer- I ~ Jtustu'41 .e h.o :Jg'en& aXo. a.4euw tdeatna .... 11e1 1a I g.aa 
Cbloa aQ.aJ.oaAml. I~~ I flea thaI lfo. ot I de& the I Wo l)eg,Uts 

• t , ! I d..'?! t I D'Q 
• • • I I I I • o.os 10.011 o.o1 I 2 I 0 I 141 14 I 2 I 0 100 o.o? 10.01&0.003 (.,) I 2 I 0 I 6 • 1 • 1 • 150 

0.06 . - 14-eOl . I 10 • 0 as, t>, U• I • ' • 30 
J. 14-.0'1% I 110 I I ' I s a-.l.O:E • • a(o~ I I I 
I I • ' I oaue )a I t;:; 

o.o5 aO.Olaa-.005 I 8 I 0 all, e. 61 8 I 6 • &?t 0.04 ao.olto.ol' . .. I 0 I 0 I 0 fr I 0 

quos t1 onable. 

QonoJ.usionsa 

1. leths.l oono~ntration of mstard. w1 tJt 16-20% e.dr:dxture 
t¥f ph.osg-Qne - o.os to o.o7 ~.jl. 

2. ~f1'1o1enC1 ot' mustard it diud.nished by admixtttre tit 
phoagano, u ahown by the :reaul ta, tll<l~ there wore no acute deaths and there 
wa.a a.n 1no.:reaee of 6 oa:rs in avere.o.,.. tirna a!." ~a th OTer tlle oonQHSJ.JOndi~ 
tinaa 'far pure liiU.S u.r d. 

8. !L'i..er(! 1a an apparen-t direot antagonism batwoon .zauatard 
gas and phoageno. 
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rJ.11!ijj; PltCU\ZZ:C;t; . .zmz;;.:;;;::uw¥<}1¥04 .,;q:.c:ph.$ij!iL 9&Mt4ij:l~·fz;pa:.w M, MU4fAJliiJhJ)P.$!1!i)l.l!$¥fS{bi4i .• )$::S..4 < 
. .. .. 

( 4lr ) rr...tQ:oowle a:a4 D&UW'SQ. 
P.~ T.ll~ 

!e0xio1 t7 oa J)CS'a• 

m.x tUl"G or mus ts.:rd. p.a t ave.r ase 'f51. J and. 
ph.Oaee,.., ohlo:Hu f'rH, ·(avl)r~ %!t~). 

JlethOda lluata.rd. p.s waa aara.letl 'b7 'Ult ww. atthod. 
.i'ho&gGne YU d1splaee4 Wi ~ OO~trated lillphu71e &Oid4. the P,l81 
wora m1xe4 and c1z'an 1nio ~ aaas1ll8 ~. YentUa:tton ot 
OhAmbGr 150 • 2!50 1./mi:D. Chemical i.nalyail· wu IQ.do ta~ leial 
chloride.. !be JZI18tar4 hU oonoentratacl wp o~ by eUbV.OUDS 
~ nc:aiD&l pho.gen& OOilo.ntratlon. 

~as urea 80 Jlinutea. 

)i).atud • lo. I Delayed I ~- aBe GOYt:r- ' ~ 
su oono. I~~ t Dwlathl I Jlu.a ts:rll &181 t:n • Muatar4 

'f'!Ca/1. I • PG..11I • ~· a z wee1q1 I Gaa 
t f PKthg De&tb,e 

u a l 

0.17 • a I "· a :& • Q • 100 
o.os I 4 I e, &, 12, .ft I 4 I 0 • 100 
o.o? I • I 6, 4-1 1.2 • a 1 I 78 
0.06 I .. I 10 1 6; 9 1 i I .ft I 0 • 100 
o.o& I • . ' I 1 • 8 • 2fS 
0.04 I • 1 9, a, 6 • I I & e1 
0.03 al.O • 6, '· 4, 12 s $ JO 

Oonclusiona 

1. !i.he lethal cono.ar~trl:l.Ucm of mw:;turd gas with ;;:;s;; 
phos;:;ano 1s o. OS mg./l. 

2. f!~rs 1a no advu:1t. co fl"om ti:.e to.."C.1colo..:;1csl etanctpo1n~ 

1n Will{\' tho mixtu:re. 

(5) C.L. 18 (.ei..,G. 21 ) 

lUXt.urei!J c£ chlorp1o.rtn (3 pu. approx.) and. phoegene 
(l pt.) wer~e..thGd (oyes exposed) 1D7 lO sub jeota. PhosGene had no 
in£ loonce on t1l9 lao.!J.r~tor,y powara or o!:J.orpicrin. 
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• l ~·"" •. • 't ........ - ..,.._ ""':- • 

(&) .I-G&O • 'f'Ole a. 
IJM-.cl la~lle4 Cia• ocad'_....._ a-fS-1 .. 

l:'ho&gotle an4. 0hlorp1ar1D. - tp~~ ..0~:-t ;Ohlarpt'or:tn rSJ.;'7- J 

lnbal e4 - 3:> llinu.W•• · · 
M.ixtttr•• not ~X'$ taxio tha.!l thair oorus.tituenta. 

(Phoageno - ~ 
Gormmt Qreon Orost 11 Shall (ir1clllorame1ih;Vl ehlorotonate • ao.' 

(Qhl.or1na'Wcl J.l"a1ne • ~ 

Propertie• -

(&) swrnutatar1 action ... oonoentra'Uon a Jllf&•/1., 1 'IIIIB•/1. 
o.Jl5 l11S•/l. tor 1l¥ln ond aniEla. 

(b) .A.oUon on sJdn ur.u:nu·tata. • aou nated on antmaJa. 
(o) lles,p1ratarJ 1rr1 tl.mt properUea - auttoean~ 'Vppe.r ~ssagea -

concentration 0.03 'fl8•/l•, 4eepor paaaagea • oonoontration o. a •·/1. 
(d.} Kttect ot 1nll&lat1on .. t«i01 t~ . 

Lethal cone. tar dog - o.s '1/ge/1. - 15 aUl. 
1 'llf!/ 'J,. - 0 min. 

( 7) Z..$3--A 
llxt;ra.et trom the O!flo.ial Report of tl:J.e Seaaicm. Ott 

JW1. 23, 1918 - Ministry of ~n't. 

chaabor. 

l'iesul tsa 

~st of m 6nemy al)!Jll containing 
?hos~ • 48.~ 
Qb.lor,p1c:rin • Sl. f% 

& tnoda v~:q,.;:~ri za. t1 on rii th. compressed ail' 1n 13 cu..tl. 
~aoh. tao t on 8 doga ot :!rOL'l 20 to 15 lr(;. ';o1c;ht. 

1.0 

0.5 

00 rr.in. 

... &9._ 

:Oied 20 hra. atts:r 
tf u " t1 

'.' 4e '! .. 

Illed 24 bra. atter 
n 48 n " 
'.! 48 '.! !.' 

Died 4 days after 
Survivad 

" 



(ti) Er'use and l>$ll:wt.s. 
J? .T. VIII J,.55a_ 

1bxio1 ty on doge. 

w.s t-..u-e ot• 11.1!- ~sone ( Ghlortno fz'M) eo;t; CQI'A.nOgen ohlod.cM (pw1t1t4.) 
Methoda ~gea Ohlorid.e wae &el"a~4 ln the uu.al wq and lnne;rae4. 1:n. an 1oe bath a:ep' at 0°0. Pbos;e:oe YU 111n lnto c1lambGr a.,. 41aplac~n' with ormoentrated. aulph'u.rio &014. lba gaa••• Yteo»' ~oq;h 111Xor, tllan into guet:ae oW1lllbctl". 1eut1lation ot ohambeJ' !50 1./alll. fbmios.l J.na.l7Bilt .!otal o11lor1das1 ti9J1Qgen Ohlori«Se. Cl»'*ed b7 IJ'Ul)tr84~ nominal: phQGgene flgurta. 

Xx.!?oture Umol a:> letntttea. 

Resu:au 

fetal J...oute ~la~d fotal R.-Joarered Oons .. lo.. ~th:l Deaiha ~ Peroen~ !<"'• f:t· Pqgs AgW&. ·&P! Raalha Pin .De!& 
0.1)10 2 S) atn.~ mi21.. () I 0 100 0.41 R 

'• al 
() 2 0 lOO o.zs I 19, 8 0 2 0 100 O.Z2 4 lT, 1:. 13* 2 u 50 0.31 2 210, 4.2 0 R 0 100 0.2\f 2 0 0 0 lBt no record 0 0.25 4 1 'i.n 43 m1ns. 0 1 1li. H 1 l~ 25 0.23 2 0 0 0 1~, 19 0 0..22 2 l in 14 hrs. 0 l ro 50 0.21 n 

0 l.Z. 0 14 0 
... 

0 .. 14 4 0 0 0 l4, 14' lt1, 14 0 
~til not due to gaul~. 

<bnolus.i.ons& 

1. Lothal ooneentrotlon - O.l5 ~./i. ot e84h. gas • .Notoa Series with cys.n~en olll.or1de alone llttOWed deaths at 0.15 m::;./1. 
2. fo proa.uoo wao. t.b.s w1 tlt uJ.x ture 1 cine of ~·es must be present in lethal conoen1;r&tion. 
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(9 ) ~ aa4 l1al.J.u..,. 
P.'L 1'111 .&.-SU.. 

fa&1o1ty on ~CS~· 

¥1xtwe of 60~ ~ine 
&O ;.t ll'l:!.Osao J3o& t o.lJ.l;Ol' 1ne t .rue ) 

.U.3tb.Oda J.:tst:p,a waa :run into ~.,.. 'bl' d.i.splaaem.nt 

w1 tll a ~ tt:ra tad aolut1 on rJt God..i':ln Ql:\.lo.l'.id4t »40~ run into Oiul.mbGr 

by displaoeo.en' wi ~ c0%1.0entrated aulphut·la ~1d.a guea miXed bet ore 

ln~·oduo Ucm. 1nto g:a.aaiDJ chamber a •~llUll'tion of Ob..amber 250 1./mi'J:J.. 

J.::t,pf):JU.N I 30 :d.nu~s. 

llo 1Jhem1oal a:~nt-ol ~1111 wr:.a ru ao 'th& die• 

plaoement methOd lt wrr aaouraw • 

.i. ~ ~1 ot tJJ 4oga waa \tlSCJd. 

lleelll•a 

\lot.al .MaUte Pelayed fatal lteoOTe.red. .P&rcent 

oono, Jo. De~t'!le .lle,o.'thB Qu in 2 Gaa 

lil',{J,, Pat a lloujo! ·%w llw,t)a flMlql Des.tht 

0.40 • 2 leatha ~ .. va • 0 100 

~.9 

o.fi 2 0 0 v I 0 

O..fi 2 0 0 ~ 2 0 

0.86 2 1 1n le llra. 0 l 1 50 

0.31 2 \ 0 0 0 2 0 

0.28 2 0 0 0 a 0 

0.2? 2 ?.6, 46 0 2 0 100 

0.21. .... 0 0 0 .a 0 
11:, 

o.m 2 0 0 0 .2 0 

Oonolu.si oruH 

l. Lo't11.al c®oentra.Uou. Sll:.ltture 0.4 JlC•/1. 11. little 

bigh)r tbtln e1 th~r alons. (t..rsine - o.~ ~./1.. phos.;eoo o. ~ mr;./l.) 

f. Orlly '"'dV~nt<~ge • .TIOf-e S:ou'o d.et: th. 
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X7II, TI;Lp JSSts• 

1. H.. A. lt'Uhzlt ~. T. V.tll - ....... 
1Uohtg1 BUI"'W3ll tmd, Ogltst>y, !.!4 m.-63. 

~· on jbosgena :t1r~ atat!oall¥ ~ ltY~ proJeot11ee. 
a. Qb3aosa fo datarmiD.G \he oonoentraUGU1 llnd. ta ot oloUd and 'co ezea tf# tcp and goe.ta 1n a 4ouble 11Dt td t.r~h­•• usi~ phoageno 1n Livena proJeot1.1ee and. ~o t1nd. .bow the eQZlCeutratin "f''l"iee wi ih t1 met. 

1. One Livens dl"um contatn1ne llt980 C30• (36. t/1 lba) of phosgene (Sl>.'l5~ p-are) waa tired a~Uoe.ll7 10 t~ trom ttra't 'trench. !he die~ between :t1rat and eeaond V'GilCb..,.. 37-1/a teec. 
2. 

mahined to i te ttlll l~th. 
b 'bOOster ha.d a l/8" grooTe, Z/B" wtde. ' oz. black pO'iV't1er was wed w1 th • aqtdb. 

J.llimtl..ll wse4 (o.xpoaure 50 m.tnu~ea. ) 

(a) Boven aoats a.t a> tt. 1ntorvala """th 
c10g l>eman toatt~ a.t e1 tn'lr end. f1l 
!ira~ 'trench. 

(b) Nine goats at B> tt. 1nte%'Tala wt i.b. 
~ betwoen laet two goa ta at' oi thel" 
e:1d ot eeoon.d tronoh. 

Ootobar 6, l918t ll.OO A-.1:. 
ho.;:t1;;"ler - clear. 

Wllld volocity at tlri~, 3.5 miles per ho'tll'. AvernGe for 5 minutes, 4. 2 miles pm· nour. 

~oroper~turo of air - inside trench 56~. tt H " - outside tt 550:r. 
~· " ground. - inside .r! .,a,. 
~ 'J If .. outside '! 47CI.i'. 

ltoln t1ve htlll1 di ty • ins 1 de trenoh '11% tt 

" ou 1ai cle " 70,::. 

.. 05 -



~•otioa 91'wiD4- at Uao ~ f"lrl.J:I8'• 7Jch't a»&l .. to 
oenter raN O'L aoau. It nd4en1~ ~"" to 'the ~· ..,.~ eoa• et 
the s-• to 1ibs r 18h t ot vu.Ghea. Oloud waa hJ6her b. a1.Jt 'Ulan uana.l 
and onll" part ~ it 84)'ttlad. tn 'lhi1 trenches. ~· pho-sene wu lef't 
ta crap termed. b7 'buratina- proJeottle. Dlia 'boiled •a:r tn 8 ldnuwa. 

• 
6n'P'Cll '&li"PP, 

I 
I 60 ft. lot' P( Qf>n lnr 

' • I to • " .. .. 
I 

" I) " n a " 
" a Aonter 

I 

" t ·ao ft. rtrrht ot eenw 

.. 
I tlQ " " " • 
I 

" I 60 " " " Ill! 

• 
I l5Q " 3aN " " 
I 

" ' 10 tt lkht .. " ... 

I 

• Pmt•• 
I .LID.hr;ym.1i1 OAt 
!alight Aagtogoiqg 
I 
I lM'm: yzpa tlOJ1 

II.achl"Jmat 1Cil and 
U5Ml 4J, !afw:ga 
I 

tlqmp.l 

a.Laoi:U'~ t1on. na.tal 
ld1fQhBt'f!:OiJ ;rat\')hln,:;: 

' ILftQt.rption 
Ull~h 'C depl"essi on, 
•~UOP 
t.Le.o.hr ~ t ion, 
a Dt)pfAM i PA 

I 
e lpepta 
l 
aLight t'fWll ~X 
I 

aUght 'MNl bt 
• 
&l4cht MID1Al1;Y 
I 

liP efO&Atl 

I 

•Ucll• Pe'1W.1 tt 
I 

Uik'M oo•uel tx 

2-;,:,cond 'b•anph 
I 

jgfP1tipq 

• awn •1Zl ft. 
" 90 " 

~ 

" 
I 

" aOanter 
tf I ;p tl· . 
tt ' Go It 

I 
ff 

' 90 " • 
" tlro " 

1¢;{ t Q'f .. " 
If tl ., .. 

) 

rlgbji Q.f 
tt " 
" 

I 

Rqpul. t 
I 

Mntqr 
ft I " l It " 
~ 

" 

canter 
" 

a.Lachrpition, a 
tDe~r~uu:t.on " 

tf 

~g 1105 =A..;-.:.:=:~-"-..:llille~f..:~t ......... rt ___ 11_-..::\.·t.t\.qhrV!iPU em. «~ .. 
s 
1105 tJ 

a 

a!{agal dise1'.1.8rt:;"GG•C~htD$.0. in ole"':'etl 
: i::1t 1 't"·J:ni ting• con- 1 days 
. J•..:n::ati'llWS .. 55 ... 



• 

•• ft*l4 Jleep1 t;e I 

88R~Jle• were .kil:en o.e ~GJ;l.,.....t 

( aJ ; 1l: at \rtu10h. 

O•eon~ 
D • ~ teet rtgh' Of OGb$01' 

I - 60 ~ ~ H • 

(It) " 

lot' ~ 
" .. 

.. 
8eoond b'oncb. 

I • ID feet l.ott .ot centez' 
G • 60 " " " " 
J'- 80 '! ' \! ~ 

1- 10 ~ r1pt !! ' 1-60 ! • !! .. 
" x- so f1 !! !.' ~ 

.. 

~le a OonoantratiOM tn )Jg./1. tor tr..e ::tollowi.»g izrtervfi.ll o!.' '-*• 

t6 Seo- alO hO- aal teo- ' 1 JU.n- , a Kift'" • "lttr..-
I 9zAda I !¥411 on'!' »ti!R J !!"! !''" 
• I • • 

A I o.M • 0.1.2 I 1.61 • 6.lT 1 0.152 I 0,10 

~ • 0 .. 6~ a 1."/l • !.91 I o.,5 ' 0.10 t 0..24 

0 I o.10 • 0.64 I 2.86 • o.sa I o.n • o.~ 
l) a 0.12 .. • o.n a o.•~ ' o.~ .. t o.M • o.u~ 
n a o.u a o.l7 I 0•-'2 I o.u o.o6 I o.oo 
p s 0.1'1 ' 0.40 I 1. 3':1 o.e~ • O.N Oe21 

G I I o.u a aL f-3 I o.as • o.11 o.os 
11: ' o .. £55 ' 0 .. 2S • l.t.:'i' o.o6 o.lo • o. 2\l 

I I o.u I 0.32 I o.rJ5 0.64 • 0.'16 ' 0.99 

J l o.1o • o.u I O.l1J • o.a I 0.25 • o.oo 
X • o.oo • o.~:: I 0.18 0.06 I 0.58 • 0.18 
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-e • Q!mo)pni ?iQI I 

1. A lcm ooneeatr6-'t1<m ~.phosgene waa produo_. 
al~ l2l t't. 13 t'1rst u~~ and. 940 ft.' tn, aeeon4 trenoh.r. 

2. 'l'b4 ooncen t.:r.a. t!on pr oduoed. 'b7 & . .ld vena D:r'tft 

tilled wl th phougene til"ed "m.'fatd.e o:t the trenoh '1.lUde:r \he e:dat118' 
weather eond1t101l8 waa 'oo low to prod.u.Oe oever• ar w~ oaaua.J. '1ee to 
e.n:;r •wut. 

a. b lQ'If oonoenU'a.ticm ot ,thosgena 1a t~ 
'nnohee waa pro'babl7 dWt to &SMJld.tll8' a17 ourront8 and. •o a l:Le&TJ' 
l>ooster, u t»st ot the &'IMJ aac~Jld.&d. an4 pUte4 OTGZ" tha trench. 

4. J. l'..ighm.' eonoant.r-a Uon of gu could p.robably 
be produoed 'b7 t1r1IG eul131" 1n th$ ~ betore ~ u:s~ 1~~ 
in grO'tmd temp•ra turft• 

' 

10 trJ.nutea after firing - odor ot phOigem) 
p:ronouc.oed. in boti.l trenc.il'Jit. 

15 Jrdnutes Ri"ter !'iri~JS - odor ol phos~ene 
pra.ot!Wlf goU;J tram trenQ.has. 

fO mimrts1 at'wr t'1rina - 1lt't,puaa1~le to 
d.etect phOsgona. 

... 6C• -



tii; t.::tt l:tp:;.J¥:;,.k¥. v s;;w;;s.:a&?P4##.iiQh#.W-PP41i(!IJij¢:urtJt u ,~P:~b: ~IJWttJJitJdt, JtkJ .. ~<k; 
~ " . . . .. 

a. x--. IU.ob...._ ~~ Gl.a~ao a op••b7• 
;p • '1' • TI l.J:-i.aJG.. a. x. J:T7iroe 6. 

a. Qbif>ct• ~·find oonoantration. 'h:l'iation ln 
oonocsntrat1on, 11m1 ta and loth.IU eraa of Blo~ or phosgene. 

1. mme - 7.4t:l A..u. tat.olhU 11, lvl8. 

2. ProJeotile- Live~ • 11,880 oo. (a&.6 l~s.} 
PIO•c:one - ~~.1% pttre, placed. 1ns14e 2M. trench ln the old trenah ays~m. 

3. .Boos tor :are'h4 1%l Wi t.h 11 ~barge • &lyoor iDo 
oament. 6 oc. 'Dlac.it poW(l.er u.act and. a aqut'b w1 th paper peel&d. ltaok. 
Booster grooved l/8" lotg, a/8., wiC., msahine4 to t~l lengUl. 

4. Animal.a - 5 d..oga, ro foot 1ntervall on each 
:b:poture ~ rd..nutes. 

s. ~l$1 - a gr·oupa Of ?a~les o.aOh ts..ieen 
oTer 5 Minute peri od.S • 4 on eaoh a1d.o or j?l"ojeo tlle at ro, 40 • 60 aud 100 tee~ 
designated lef'i to r.t.ght A-I!. · 

0. MotqgrplorrlAAl Dqtaa 

Tem.poro.tl~e t:1f air - inside trench 
" " " ... OUts! de " 

" ground - 1ns1de ~ 
" " -ou.tsido " 

4.60S. 
•zor 
48. ,20'sf. 

4G.4"»·. 

.it<ll!itiva i:h.r::lidi ty - inside tr~:moh 93,i 
,, 11 -o u tsi da " 92{~ 
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' . " 

I • 6111111~ I ~g11Hsm I k!§]l • I Dod' I 100 ,,.. l$2 J.Qfl .a ~&d ID I ~m:1 • " a ill " .. .. • tr .., " I 
I .. 

I 6Q a " .. " iail.tilE g~stll"e • I tl 
iQ If " .. 

" " " • • " m .., 
" H a " " If • I " I m " " li&llJ a " " " I 

I " I IQ " till ft 

" ln ~ m1;gnl~ 
"" H flQ ff t1 .. .. .. t b2lltl ... I " I ~ u .. .. 

I l!aa$2IW4 In 12 4c1:m • " • 100 " " .. 
" " a " 

•• t1old B,esu.J.$Jlt 

1&1 gg~~~lt~~lgga 6-:'llllp l 0 Oon~tr~~1ona in ~·/l. tor tl"le tollovlit« ume t.n~rvsla. 
a5 ~eo- lO sac- 00 sea- l 1.1\.n- ' 2 ¥1-n- a 3 lU.n-• 5 1i1%t"" ~D~ s;ms:& ~mfli Ja!fl ll.~a llSa:.l :ut~:. • I 

A • .oo .oo • .oo .03 e2.3 I .ou B I .o1 .05 1.49 .93 .<W .94 ' 0 • .44 1.73 a.oo 4.40 ,. .. - - 1.16 D t45.70 68 .. 90 • .02 .20 ?.eo • 4.85 5.72 B I 1.90 11.10 • 1.88 f a.oo 5.15 • 4.85 6.90 F i .60 .10 .68 ·'' .15 .os • G .oa .02 ' 3.6~ 3 .. 14 2.74 2.2~ • l.OB l1 ·2~ . ~ .2~ a2& .og ·2~ .22! 
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«'lal< :.4V4.J$.1J!i(J)Ji lfiiiJt!.'\'ifl)i(l1$($!11$)i:OI~,:·J·JM·j;J4l!ii!I4.4J¥8Ml\l!liililil~ 
1. !he· lethal area tor 4.oga extemed. 100 ft. to 

tho le:tt and 60 tt. w the :right ot the 'pro,Jootil~ 

L ' l.tne at animals ahoUl.d. at.end ta:rther w 
ga~ the ~ limi t!l ot ~~a.1o area. Pou1 ble kEto tonoentrattcm bt-
,o.nd the point 100 ft. $0 lett ot proJootile. 

e. · Muon higher oonceniraUon oc phoagena at 
l~vel ~ ci.OS• than at lM'el of 8a.~Uple bottle (~1/1!: teet b'am cr~). 

4.. ktent ot Yidble olo'U4a 

5 4d.nutes a.tt.- t1:r1J:6 • 18 tnohea troa grow::.~ 
100 fh' let: -c, ~ teet right. 

10 m1nutea B.i'tor t1r~ .. 100 £eot 1~ lal:'€t~ 

a:> minutes "'!'~or tir1~ - 45 teo\ in lez:gth. 

ts. .Perli s tencyt;.· 

2S6 Jainu~s attor tir1Jl6 • trench aot hab11;able 
n th mna::a. 

1 ho'tlr at'Wr t1.r1~ - nl) cUaoo:mtart exoept 
w.t thin 20 f'ee ~ or crater. 

zt hours att&r f1ri~ • coropluteJ d1so.p,peo.ranco 
of Odor OTor crater • 

... ~l -

~ 



1lQ4iW ¥MiiP,iJl44?!£4li:;::;;;::a •. • . :ll;.iill<l.;to. w .. .G~~-!MJi..«¥RM t .. aRW .. @ll!lltt4l41$!1iiiiWiMiii[: tu ~ 
~ 

o .. w. a. ft;O. 

a. Ob.1oota to Cleterru11le the ettiiable bursting Oharga 
and ~ Obtain an 1ndieati1on ot \he ;n.a.twe oC the eoxaoent;ra.Ucm produoecl b7 
tr..e exploaicn or a CWl11ter f1J.J.e4. 1.1. th. ph0agone1 S.n a trenob. 

b. Mit tp,pda 1 .L1 V4WII ~ t 1lle4. w:S. ~ phoap:oe w1 til. 

a burmttDg Ohargt ot 40 ga. of totz7l na explode4 b. trenoh ~ 82 
aamplea ot air ta.kGp. 

o. ~orologtgal ])ataa 

W1nd veloct~ • 12 mtlea per hour. 

e.. fgiigol>g1qA1 nomta• 

.t.ni:Xl:.l-8 uaG4. - %2 (goats1 :-abbi tt and rat•) 
lt1lled ):f pa • 15 (68%). .All dead w1 thin .&J. 

hours. lil13.ey d.19d v"r;; s;;,on. &ttu.• s:::;_voswra. 

OGS"'olal ties 1n clearly ma.l"Xed JOI!Qa 1n trench. 
All antmaJs 1n 1one 1'/,~ tt. on one aide a.nd 41 t,, on the other side ot 
lN..w ftV1'U kille\1. rw:-Ual Q.:llr\U:Ol ties ~'1 tt. on one aids and 6'1 t~ on 
Otihsr e1do. 

0;:1 tioi s• ~1.ttte ot d2¥ and aznom ~ ot p!losgell$ 
used s.r.-. om1 ttad. R. S.M. 

" e. 11ol&\ faeW.~iU. lligbcs t oouo\:nt:r-~Uou 1 T0111DC) 

phol:l-2.:;.;)oo in 42 "'''l:u:x·a ot aJ.r1 10'1 JtU•/1. ,oollaeted m seconds e£ t9r ex­
.i;il u 31 cu. 3 re;;; ~ t'rom 'boi<ib, l.' ott s. P\lve t'l oor. 

~t too bur5tine; of thE'; bomb T>:3:r.; lr-.: ·_;~ qu::!ntitiea 
o! phosgene WG3.'o throw-n into the kir i"&r above the g:ro'Cild leVolJ despite 
thh ,high et:moontra tlon.<J Wol"9 rooorded at tirat tb.o'US-'1 a !!hJ:lrp drop toOlt 
place noau.t l•l/2 miw.:ttolil after the explosion. 
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4. o.~. a. fle.V. 

RepQl"' oc O.J..o. ..liGguati '- 1a. 1Wl7. 

3z_per1mon t I. 

.. lethrx\l 

lour 60 pouncSo:r 0.1. ahall 1n U~~e at 10 J'8l"U 
w w1n41rard ot trench.t uplo004 e1multa:rtooualyt W1th 16 am. ~trJ'l buntora 
and f18 tueetr1o tuaea. 

por hour. 

In tremh a.t 31 $" 
fiboxp tlpar 

In duggut 

b. jataorg1m;i.oal Dnt!ls ~lnd Yeloo1'7- •II• atlea 

• 
! 
I 

t15 8&0onda Attar b'urat~ 
aor otwll. 
I 
I 

I 
I W @Q81i Oonsoagq.tion 
11 'Yolu:!S pnoogene to 
t 1§7 qt' trlr a 27.11 rzc./1, 1 

I 

ct. i'o;r;icolpf'1W. Daya Obaen'_. wat:.ri%g small box 
respiro.tor w1 th extension re.rnainad in tanoll 1n direct line ot ·tho olo1l.l:le 
.Nu odor or tute ot phosgene waa de~otod.. 

~ttmont 11. 

a. l,!~ t;hQd& One e.'~ en exploded ss above. 

In trancll 3 tt. f'rom alO seconds after BXolosion aOne T.::l'UI:.la ot phoagene to 
ghall 1'8" atgya tloonot M~ll ~ tlQl yql. og air- 44.8 WJtftltt 
In dtt,-out . .l•an abO?e t l•l/4 mt..YJ.utQa at tor GXj!lO• 10no voluno ot phosg~ in 
tl·;or. tof sllell a539 tRl. of air • 8.4 rrg,Jl. 
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~~-~- --- .... _ 
,;; __ , ..... , ....... _!ll!t¥¥:;.JtJ;,,.lt.\\lil~.,ttii(liji§•tii,Mf!iM.,·""*i!l ... ~~;;:,~ 

Oomparteon or Ol)noen'tt'a1;i«m-. obta..t:aecl b7 lmr•t!J:)g ata:UoaJ.l,t 
Yarious typo• ~ raieaUes r1Ued. With ph()agem. 

I I I 

!jeL iii!\;:;. (b ;yo;.n!: ) •. zl. :ii}l; M!:!ir Jl. 
I I I ' I ; t a 

lAT am.ua a .J.Qt au.am 188 a U·W A! aao.m 
I I I • I I I 

4§1 ' 9.181 I 237 tlj.Al}S • 108 I rz.m ' M? tl!.Dtf 

' I I • II • • • »JEout 1 fiMOO 0.018 &ZJ7 tlfi•OM I A1t:J II 9.§09 si§OOO t o.tg 
(aJ 4 - 60 pr. c.I. Shell elq)l.ode-4 'Mt.:' a 'krench (aee aboTe). 
(b) • .. 4" OWk:oa bombS • " " " (O.w.a. &par~ u, H• 6.} (o) a- r. f.11. bGmbfl tt ~ ! f.! ( " " 65, " e.) 
(4) 10 • -'•6" C. I. How1 \sol' ahell, llk.. 1 G.X;IJloded ~ a trench 

~ (0.\'kO. Be.por~ 66, M• ?). 

OompartsOl'l Of highest oonoentl'at1ot18 
m!UUa lp tF 

~ phQsgone Ob"-1»5d by b'urat~ Ot:JG 

t I • 
!xo1ei!i: 1~.zl. !yol,Ai~:!v~.ti; :vol; u:1iiab, 

'tonch t 101 
I 

'*Q·72a 
• • 
' S I 

' tl·.J.ia a 

.:S5.3f!8 , j§ 

I 

a----- 67 

I 

(a) l • 60 pr. o.Le ahell (soo abovoJ. 
(b) l- 4" C.I. S1Dkee bomb (c,li,:g.:aaport 40, .M• 6J, 
(c) 1 • 2'.' tr.::.:.. l>a.:tb ffiopart 53, P.;• 3), 
(d) 1- L1VO:ruJ dt'ua lt1.Qport oo. ~· a}. 

I 
f~eil I 

• M •lQ:i·l• 
• - ·--

ObaOl"Vvl" r<>Sarlre; s. s;:JO.ci:Al boJ;: 1'9sl.;1rutor ?Ti th ox­
tcnsion.ontJrOt'!. tl•er:C.:~ 1~di~tdy a.ftor explosion &.lid rama1nod ln darurost 
.,tr::.:i:'t o.i.' cloud. tOl' 6 minutes w1 th peri' eo~ pr~ too tiE.ln u,.3~1ns t t:.'lu phos:.;one • 

.. u .. 

i. 



- ~ 

ll.ePQ'I"t on the tront· covezoed. lly t"!le 68 (26 .,n.) B.crri uer 

When f1ri~ shall- t1Ue4 with phOsge~ o.' ,. 

No. ol .X.iA'rilllltnt • 't 
lo. llowi uara vad - la l"o. rottDi.l lil'ed • t.L 

Kep range .,,4000 y~~rd.aa Rate ot til:'• J.J' ... a> aooOl'ld.a. 

t1Dn U1cGn to t 1rt Ill :rolmda • U llllllltea. 
Jiori\-. on 061\W lint Of tHUon arttllel"J trench.­

Ln1•lt ~ hont ~ 60 JVU. 
f.lmll - 6tt (2& owt.) hOw1 her, 0&8t iron 

FU:UDS" - .,pbosgene 
~a~i~ eQe• • ~l C "(b) 
.iropell.aat n • 2r..d •• O.T.. 

:ti1nd Shell ,• 0 

13.U'ometer • 2$. ~ inohea 
brmoms~e:r- - 'Wet bul'b ~1° -,. 

l>r7 " ~o r. 
Q.r"Jund. tam.psra.tur• ,- 35° r. 
ii1nd • il~:l'tt £Cl.l~l1i Yaryi:ng to West u.d SW.thWest. 

\"iind V •1 041 ty - '1 - ' miles 9er hO\Tl" 

~ • clOwiJ 
P.aint&.l.l • JUl ctur1~ ex~r Lme.nt - uaoo dul"S.»s pre"f'1ous 

24 twura. 
fimo of d:s..y • &al5 P .11. 

00i1Ct.tl:.tl·;;..t1vn.s w.;;.:a:·t' d.ete~l"luillfld &~ Vllli(I~S pOili. tiona at 

hc~hta of" 1 tt. a 1n. and 4t f't. ~uova t:hr:l gro~ OQ"i>plete tubles with 

d1.~e;r:::uns ara givt:m 1n tho or1e,11W.l rep or· t. 
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Pocl'Uoa 
-·~ ' ' . 

tJOXQIK'I'RA,'JI~ ............ ~ ... .w.t..cb• ~ 
l'o ... ld :f'Sra • ah41U ll'.l:ocr ~ _...all ,_:/per ~ 1. ,_. T oJ. \JlDe or ab 
disg1"&11 iB When aU'I£ll,e WN a 1i 1dl..lc.b. aample "'" oa&Wnadl 
original tlaico. ..... t tlt«m. TOl.liDe ot 
:repor' Jfinltka Seconda 

,._ 
Inchec phosgene 'bo t.lf 

§ at n,;,p, !; 

1 a 4.6 • 0 nil M.l 

' " It ft " 0.49 9.af.Q 
1a ~ ! ':! .... o.~ 19'100 
1'1 " ~ • '! 0.7~ 6120 18 '1 ~ 1 I 0.2:S. 19700 
28 ~ Jl ' 0 2.~ 154.0 16 ~ ~ 1 a &.69 1660 • ' ! • \) 0.1~ a.> roo 2-l '! !." 1 8 o.os IS6600 M !! "! • 0 o.os 16600 fi ~ ~ .. " m.1 ml 4r 6 45 1 ·d o. '11 6aeo ll " tt 

' 0 0.87 5200 ~ '! !! • ft O.M 8~0 11 ~ ~ 1 j O.T6 6010 lo IJ I.' 4 0 0.13 MaOO 21 ,., u .. .. " o.ro 22600 
2'1 " " ~ !! o.oa f)6600 p t? ~ !.' " t:ae~J trace • !.' ... 1 8 0.,1! 87?00 86 '! !! ' Qlf 0.12 11'100 Z9 " '! 1 8. .d.l nil 4.2 tt '! ... 0 tr~ trnoe z lD l.!l 1 s o.;:o 22600 5 " " • 0 0.41. llOOO e " t' f.! tt If :s. 25 1390 14 '·' '-! .. .. o. f5 17400 ' l!S !! I 1 s o.~2 143)0 Zf) !' '! 4 0 r.J.l n1l ~ ., IJ tt t1 0.1~ 3?700 ~0 ~ " '! '! tl·uc~ 'tr!;Ct; 

.... 
34 fl !! 1 a o.oo 50600 :!::7 " t1 4 0 nil nil 41 " . " "' " trace trace 4l " " 1 a o.oa 66600 2 u 20 4, 0 0.16 £Broo z tf 

" "' tl 

9:~ A fJ 1 0 ~w 13 " " • 0 '1.04 643 l8 t1 " " tf tr-aoo tra.oa li ti if 1 8 0.12 3r1700 ~ " .. " tJ o.1z 37700 24 " '! " 0 o.w 15100 
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)io. kJ 
~1!1 
Ol'ig1~ 
repo'rt 

11 

• • ~ 
41 .. 
.a 

.... ,. .. .... ............,. ~.... :-:-~=~--...,..-
•.,• • & ~ ·' • • ••• 

. .,..... ....... -... -..----­" ~ -. . .. 
. ' ' .. :: -:' : ~-. ·'!\.. ;:. -... . . ~ . j 

ws... -'C.r ~ ... Jleit;ht e.'b<mt 
or ~11'a1: .n.u. tloor t:d trencb. 
wha.n tstt::::lVl" wrut at llbiOh a~l• 
tlUWl wu tnitel1 
MJ.n. eoe. lt. ~~ 

11 IIJ • 0 

" • l • ~ !! fr 0 
'! t! tl • 
" ., (li"&VOUta ) ... 
!f !? t .. ) 
'! ~ (ltt.. I 1». J 

'\ 

4. f~iQQA~~Ill l=~ilSII 

JiU!\JIB ya;:U 

o o •o Bl« 1' :a A! 1 o :ttft: 
ac./lt• Tol"'.1f.e or a1.r 

OOD ts.bJ.l'lfr l . 
Yol ,_ Of pbtJal 
sene both e.t · 

o.as 1.8900 
O.Ot 50300 
tl'aoi; tra.ee 
o.~ 12600 
£.85 1600 
o.oo 66600 

J'lil ml 

ln irenah l:r.&. <lr.gout l.a epen ·, 

1 

18 0 

.. 

!! £!; W!·· 
\) Only than ou ex.­

treme rtgll t ol 
trench eurv1Ye4. 

Only tb.os<o~ on or 
vema :r 1gb.' 01" 
trell01l a.nil OtL ex­
tr-eme t 1 ank:s in 

---------------------------------------------------~o~o~~n~aula~·.y~iy~e~d~·--~ 

1. 1~. tf!c -:-p~ at. ~B ~xd:3 frWJ. tl:l" ~e.n point ot 
tmp:.~ot, tho front covored 'by til.o gun wu 35 yards, 1.9. tram rat 23 to rat 
33. 

2. In the trerwh • at 86 fUels t.r!fm the ~n point 
at 1:w:pr...ot1 the .front oovored wn.s &t le.nst 3G ytU"d.a. In "tiow of tlle i'e.ot 
1:m.; rat M was outside the nurth.ern limit o£ the lott:.e.J. clOWif 1t is 
probs.ble ~l.!l t the cloud tn the trenoii. did not extont b~J'OD.d goat lS. 

3.. Front covered by 6" howi ue.r - 40 yards • 

... o?-



•• Xulm.t Richter t toeT~t, JC.oll•t Bvr:ellt i':r\\G& & Sul1 th.. 

.a.x. v..Tll"""8 - B..X. Xgfl!l--90 - (.B.l!.. L"'Uli-"/.5 ). 

t.tme - september 12. 19181 &a 15 l'•L a. Qb.1fJqta ~ de~miua ettio1enq ~ tield tosu ot 

oeni:'U'\16al noJsu at JDObile e;s.a U:XU t, ln epl'~ll(; :PM'-s8ll8• 

Olotui1 w1 th t.n~arrci tM».t nnah1~ 
Wind. • 6 Jrd.le• pl!l" bour 

. .Ail' feRpeJ'a tare - ea~. GrOtmd. " • tf"i' • Avuoaphcr1o pru. • l't.t 1D. liel a:ti w h'clzd cU:t7 - •• e. lttlwda 

.. 

.._,unt dteohm"~d trom. cy-lillds:' 1 1 a> lba. 
" 

" 
" 

tt 11 I 20 8 

lime o! &Uscmnrge at -· I! 1 1 £ minutes (alow .. 
rata) 

n 
" " l!f 11 • as aeooru\a (1'W.l "' 

.n.te) 

haaaure at nos.zle -.100 • 250 lba• 

l. :rtrat row - 40 ti. trOBl c:yl1nd.er • o ~a, a> ft., tntGrvala 

2. ~G()Olltl rt - 100 u II tt -"' o.osa, w tt. 
1n~• 

3. ~drd "- 2!)0 " « 
" - 6 doge, 60 :t,. tnt-:;rvnl.s 

1. Ftr•t raw • 8 outtlo•a hd ro tt. righ~ ooutor, 

(b) ~':3u~1 (o} ro tt. left oent01". 
£. Seaon.d r-uw - 4 bottlass ( 4) 40 tt. 2"18ht e~ntora 

(e) 20 :tt. rit~ht o~mtel"J (I') W t"t. lett center; 

(g} 40 1''- la:t't ~ntar. 3. 1'h1:rd. *OW • 4 outtlos; •De bGhind eJA.Ch 4og (exaept 

1iwo on ou. ter e "-ee 1) - rih t to lo.:t t, ( .u., 1• J, K). 
- 68-



' SB'D,Pl$1 SlQnQf:ntt&:UIUl i:D l&:ilJa ;[gt sw ;[gUQi'J.I£ $JI.TQ i.D~::ti!J, 11 
a.ft Seo- 1lO leo- a 8J 1SeP I 1 Mln- • 2 tin• 

!l!g I IBJI I en" a ·~ ! ;gt.«~ 

• • ' I 

A I g.m I l.J.i I 2all I liil" h%111 I "Qd}g 
,v .... u.uec lte.ek • llallt • • J 11n .,lllp .. l brake • bi'Olr» 1.158 • 0.60 
I QQI':I: • I I I 

• I • a • g allmUga g.Q;Q I ill! I A• I% • ~.llfl 
I I • • 

~ I a.a!2 sa.gg g,.;w fbml I J;.QaS I;; lllZa 
I • I 

I ~.S2~ S}.g~ L~l . r.. ~;L I QaQQ 

• • I 

[ 11111iDt f2. 'li2 I a.~g L~l I Q,..Z2 
aBtop~& I 

Q I lll I g.rzg I a.~ -~IJ I Q:.z= 
• I l'oor I • 

B I g.QQ J !M""~3JD I Q.22 2.25 2222 . 
I Poor a ' I 

• • 
I IVMWGJ Q,QQ o.oo c. ;a Q,QQ t •. 

t • 
J. J2aQ2 2aQ!2 2aQ!2 S!aQ.Q I 2•QQ 

• POOl" I I 

X ' q,oo I Dmum • o.og Q,QQ aiottlo bro~gn 1n lAbt 

•• ~~1~lgsig~ io~~laa 

z 0 L! '~ ! o:u~ 
l.t~t ~ o..;n~t Q$,1m~.: l.J.:·a~ m: CQ:Jt.ct 

First Jl011 
40 tt. RoeOTered Died. ~ :twu:ra 
2) tt. Die·~. 10 hrs. "Diod ti2:! n 

0 " D1od 3 .bra, 

- 6i-



PMW t. 

IJ.erumsJRM 
60 tt. 
4iO " 
10 ~ 

0 tf 

lhtrd Ro! 
150 t,. 
100 .. 

!iO !.' 

ltecOYered 
1)1&4 150 hr•· 
»S..4. 10 d.,a 

t. Osmql,JUJ~·W& 

DS.4Hl 14 !rae 

&oovere4 
D1e4 14 4qa 
Reoonrecl 

Pied U 4af1 
B.itoovel'•c1 
:»1e4 16 a,_ 

A let.bal oonoon~rat1on ot pb.oa«en~ wu o'bta.tne4. wor 
an area exten<rlng 100 feet traaa 01'11Ddel't alcmg oe11• line• 8> feet to 

le1't em lat li» atld 40 t"t ~o lett: e teco!ld l1n.J ol 4oga. .Pboage.ne 

18 eqUClll:J &a .-:ti'eot1v.J u a.rai.blt ln. the JJOW.le 6'&1 un.t '-

- '10 -
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__..._. -------------~------ -
-~-~-----~----- ... ·---

o.c.P. MJ.. ( 34::::.:) 

a.. Qb.lflota ~e:r1Jro3:r:.t to t.etel"!lli»:e lb!t pnde:r aurtaoe 

pr-.roteto~;r (It ph~e~. flit-71' l1berat1on trom artille!'J lh&ll• 

ti1re - De~ lfr·· 1~17 - ~110 ~ ... 

Shall - so pr. o .. I. t'llled. pb.o,g•ne 

l\ur-s1.1~ ~· - c (oJ 
. iUI6. fl06 

MAp t-ane;e ~ Fda • rour..4a tired l& 
\f:1.n:IG ~ for &l.l roundJI • U mnut.ea 
Jero ti.Da • at b't.;;rat ot lu' lhell 

Bal:"OUlter - ~91 1none• 
ff.er~ter- Wet bulb- an.aO:Jr. 

Dry -.w.b • ~G 1/e 
01·~wli - U.6°i. 

Wind - W.li.W.-w. Teloct v "' mi.Jea p61" hour 

Sky • Clo'Ud1 . 
Rsinf:Ul - lill. <o.uril\; OX_i?O&Ure • 0.028 d:ar1ttg 

previous 24 hour.. 

5 min. b.aint ind.ic:a.tions phoscen:J t:~i::._: tct..<:'l'd.f oratar • nona on crator 

tarea. 
4 mi:le a!lot. d.eteoted on orat¢!" b; prone o'bae:rver - taint odor lb:e OJJ..(. -

at0£t ps:par necat1vo ter pl"..os(i:er.e. 

5 to a min. aNo odor of ,pho~sone in five o:t·utors - earth t-..u-ood oTo:r ... OdOr 

alt.a:a 00~ 

t. QonclusiOnD1 

..... 7! -



e. Kn..lm, R1o!ltor • .&~ell• Ola~on llD!1 Oglesb1• .a.M. ~a • .f.l.~. Tll.t-~9. 

J'1r1rc a LiTe.na :proJsotile loaded wi tl1 ph.ltr,'ltne and p\ald.oe. 

a. Ob,W2t• ~ f1ud Cot:et?:ntr~tion 11m:l. t= a.M ,perdstell07 ct a cloud r4 ,phosgene :raatJ. Ur-& t':rOi!l tirir.g a .Liv-ena l'ro~tile loaded. 1ri th. ptJ.o &gellS &«d p~ ca 1n a trench. 

b. Kst'bpda 

1. !lJr:3 • Oc tob!r:r f:G, l i lS, ~h 8) A.ll. . 2. P:ro.}eottle - Harle 1 LiTena • r/4 tuJ.l p\Wioe a 'o:ae 1/4" in ~~. 7.574 oc. phocgeM• 1@ &11" .apta.ee b.7 TOl'l.ut. 85 CU• looaelJ pa4)l!l:e4 A.l.. f.lf.f. ~lS 48WDator. 
I. .A.llizaul.a • a dDgJI at EO t t. 1n tervala oa o&ah 111 de proJ84Ulo. axpoturo 80 m.tnutoa. 
4. 81l!l:~t,es • -6- yrou:;ps fJl' lO ~lea 021 t&Oh a1ds ol pl"Oj&Otile, aJ, 40, 60, 100 ft.t'l"aW:rOjttOtile • d.t:ia1gnate4. let'' ilo l"S.hfi Jr. B. 

i'Zl.irly Ol\Jal"e 
Wi.tld Tolooi ty - 0.6· m.ile:s pe.i' hotn", (aver~e tor 5 1'11n.) 

~.n:pera.ttu:e JJ.r• l.naida trench • BSo.F. 
" tt OutaJ.I.\o "' • u10:.~. 

Ground t~a.tttrel. lA!lide t.1 - 67.~. 
ff N ():u.taide f! - 57.J i'. 

K~ - H~' 
~lat1TO humidity; · Inside '! 

" ., 0Uta1 <le H - 29.i inehes 

Sc.n~oo• g;~ gan~~m~·.r.~sula ~n :i£1 :Q~I: d.l ~fll t. Q,l• ta~ t QJ .1. o:r~ ci£ U.rrl." Wl~:r:l! .. tr-.1. •• pl~ 15 i.::eo- tl.O Sea-a ::.0 lJtre• ,1 ~r .... 2 L:.i:a-a Z ;.a..._-, 5 ilin-alO .ii1n-al5 .Min--aiD lllill""i 
I 2&;lill :II~ !m~i ~ i~.L!II! B~a;1 ii61 I Bbi ' iiaa iS-~ I a ' • ' I . • o.oa • 0.23 I-- a 0.23 ' 0.4:1 I o. !'-,) I 0.19 I 0e00 I 

• o.oo o.oo ..8 ' 0.03 a 0 .. 15 a o.o4 c 3.60 l o. '/9 I o.ov I o.o9 ' 0.15 o.o~ ' o.o3 0 I 0.15 , o.o9 • 1.1~ I ... 26 & 3.6.2 c o.os j 0.50 I 0,49 o.o:s I 0.09 D I 0.51 I 2.55 al3.8S I 3.31 I 6.35 * l. 70 ' 4.01 I '1.00 • o.o~ uo.2l E t:U.98 114.88 • 7.44 a-11,15 - ' 7.58 ' 0.41 I o.6l I 0.30 a o.oa v I 0e27 o.oo a l.os I 1.65 2.lZ I o.~ a o.o9 I 0.19 a 0.22 I Oel9 G ••o.<XI o.o~ . --- I 2..r(7 I a 1.58 I o.oa • o.o9 -- -II • o.1o • 0.0:5 a o.o~ a o.ou a o.1o ' 0.03 I O.OS I 0.03 ' 0.03 I -
~ ':1J! -



. . . :: .~· ~ .. ··- ... - -

e. ~qyoolwiga,l Reoplljla 

16o-l4D teet lot'' of' oentel' Ull0fi'aate4 

lZ> " " " " L4)h t casualty 

100 '! 
,. ._. " - Pied ltl hoUH 

80 ~ ~ tt ~ - " ' 
It 

,.., 

60 '! '! '! !! - ~ 'I 1! 

'0 '! " '! !r !! ' !! 

2.0 tt tl " " - !! 3l llliUU.WI , 

a> ~ right tt t! t.! ~hO~I 
.frO ~ "" ~ tt ~ 

60 '.! ~~ !:! '-' ! 17 !! 

i.GD:W.indor tf " !_t ~tectod .. 

" 
t. ~&lg ll.l:l ~-· 

1. ProJeot1le not well ~oml out ot orator • am&ll 
olOUd • 10 tee't 1n e.1r • a~1cid~ olose to t;rm:md. 

2. Otis'll&l ties - 8 d&Aths anr front 160 tnt • t4me 

8.IJ With phOst)OOO UOfiO• 
~ Perststanoy -

1!1) minU-teS nf tor fir1~ .. not 00 teo ted by mtJ.n 20 

feet right and &o feet lett ot crater. 
3) minnt&S attar f1r1I'6 • not detected 'b7 .rrr.m. 

5 teet r1ght and 15 f'ea~ lc!t ot Ol"ater. 
2 hours after firing - no trace deteoted over 

4.. ObArvat1ons exolus1Te o! analytical results 
do not worn 8.I1J ~v1danoe that ptllii1oe rendora phosgene more pora1st0nt. 

- 73-
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44. ~:en u t .. . · 1 .. A:J.itU. .u . 

i. XUhn1 R1ohtGJ"• Jh#rell, Ola,7tou. 
11. ~. Vl.U • .ir..31i).i• .B.ll. m.II-93. 

a. 2WtA'• Stwiy ~· perd.ate.noy &:ft4 lethal area ot projtlotlle t1ll&cl Yi th phoJGon& abaar'bed 1n pumioe ttOZMk 

b. lgtbQdt 

Uvena pruJeotile about i 1. f,b.osgpe li5.~) t1r•d ataUOAllJ" l.a boUom of trenoh. .1. lo. e u~nator Uld. 80 g-.. f. B. T. 1ooael7 p04l:ed1 were uaad in the 4G tona tor. 

of L1Yena. 
An1male • 8 ctoga • .20 teet tntornJ.a each a14e 

llxposw• - zo Dd.nUtes. 

fim& ot l'1.r1~ - lrcrrembcr e, 1918. laOOJ..K. 

c. ,W.QtilS£10&1 DAte1 

W.a1Jhcr ..; clear 
hlpe:ra twe f1t air • .uO,. 
lle4!t1'fe H\Ridi ty - to~ 
lkD:omstr1o a-ae.ding - 29.84 lnob.ea Wind 'Y'eloci t7 .. lea3 tr.e.n l mile per l:.!tJur 

I j s:a-aGM 9AAoantratJpns ia Mg. pgr 11 tor tqr t1w toUg}'lim tim 1.7nwxi!.l•• t ple a5 Sea- alo ~co• 3.> Sec-al lll1n-a 2 ~:lin-a 8 Uin-a 5 i!!:z>oalO Min- a l5 ldb- a :D llin$ 3:> grutn I OiJda t gny ! Utsll !l!' I }iltq:s IUtqg I lizfitl I UjaB tutqg !1~,; A 1 0.0 I 0.12 al3.9 aU.5 a5.i 1£.6 1 0.64 1 Ot :56 1 0.06 1 O.lOtO.OO .B a e.l •*·' a o.o • .. - als.s ,7.75 a 3.38 a o.52 , o.eo a o.z.::;ao.n 0 I Z3e2 I 0.16 I 6.0'J I 1,4.4 117.0 tl2.S 1 6.5 1 7,0 a 1..1 1 0.2Z•0.ll D a ~'i".o ' 7.1!.0 a - a -- a44.2 aM.a al4.<r 1 6.65 a a.65 am.u o·.l7 n a 2.681- • .2.To a 6.? 124.4 a46,.4 .~.:; a:o.o .so.o asa.o .0.17 f I 0.23: -- • -- t -- I 6.7 I 5e0 a2la4 1 0a82 1 Oe46 I 0.78~11 G • o.u, - • - • - • 2.2a a 1.u a ca.ss 1 o.oe a o.05 • o.oel0.46 H o.lO• - a - g.aa , o,6a , o.oe; o.oo p.11 , o,QQ•(\Q5t 
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-------~--......,...._·-~----·-- ·--~~~--------____ ._ ____________________ ~ _________ ,. 
.10 

15 " 

• 

" 

Oloud Tsr'J thiB. and .1ua t porcop Uble 
to e1gl:tt. 

Cloud outs14e 41apersed but h.o&Ty mst 
:reaw.tne4 ln treuob. 80 ft. on either 
aUe o£ projeoUle •. 

Str~ odor of 1ftoszene mo ft. .M.s. ot 
proJeotile. ltlO t~ i'.E. of prQJoOWe 
tmb6s.ra'ble 'W1 'Qlou$ ~. 

1 Hour Do phosgene tefi.otable 1n o:r out ot 
tren«fl. 

f • :SXi ru>log~ gal Ro:sul ts a 

~gi&U~Ul 
160 teet wighi :Light oa.su!l~ ty 
140 " H " " uo tt t.f suer• !! 
100 ~ 

., D1ed 12 hqura 
eo '! ~ " 86 " GO l' t.! '! 'it !.' 
-60 ~ • t' a !! 
8) t' tt '! du1:'1XC GX:.':IOS1l%'$ 

20 tt let~ " " .. 
40 " " !! at<boUN 
60 '! '! '.! {'1.-u:inr, exyo2'Ul'4!' 
eo ~ ... t:t 7 hotll"IS 

100 If tl ~ 6 It 

12:> tf '! ~ , !' 
140 ,, 

~· ~1ere Ct.l.$ual ty 
160 " ... '! If 

Lath!\ uoa • 100 feat to ri,.mt o:l projo~ tHe, 12:J teet "o left. 
COmperison w1 th test of Oct. .26 ( m th pumice) 
!l\l:ttl{lrature Oct. a; - 68Qi'. 

ltav. I- 4ZOI'., jemperaiUre ma;r a.aouu..tlt £or ~ttor clot:.-1 a.nJ. lU"~cr 
1 e thal erGU. 

Letll.s.l aroa - Oot. 2Gth with pumio!), 100 feet 
Uov. 8th w1 thOttt " 1 2ZJ " • wind oondi t1ons 
ME.L 1'1 id.entioal. 
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l. CJ..oucll" .. uul 'tittll t:rom .det,>aaUOA ~ tho LlTena 
dr1'111 tUl&O. wUh phosgene.ts teuaor. ~ prod.U04t• a, larger 1tthal area, and 
1a aa porais.1Jent -.s 'that 1n whi.Wl. ph6S~;et10 was abnar'bcclln pvmioa. 
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i4 J ( 

10. l'..lh::, !t1~l!.t;a, ~111 O~"Y,On -.nd ~loa'b7• 

:s.~:.. m¥-60. '·'· n.u-u;sa. 

ft,at o: ~ Jbell 1illed-nth ph~e!lll ud ptmdoe. 

.a. ..sllJrJ.lL ft\ t1JX\ the COJ:UMilU"a:UpJl 11m1ta falld 

pe-r cia tol.l.tl'y ot a ol0\¥f. M ph~~::.* :r3:r.J.i ti~' flo'~ t1r1~ a l.i:Yene pro­

j~,ctile loa4fld li1 ~ pl'-..osJE'~ and. p1Dice 1n a ~en.ob. 

a:t.ma- De~ z, lila, ial6 A.X. 

h'Q~tile • lt1.rk 1 .L.1.Tell6 f'tllzld Z/4 tlill W1 th 

pieceD ot pwlll~. :1ft a: (l;t"f~ ~ ~eat. fh1• required 6•1/8 lbtl. or 

8.5 11 tore pilrd.ae • !0 'hie \ftl.t"(! ~4. phosgoxe!t t,%1' oe. (29.1 lb~h l 
i9.o!;; ~e ... t1.1'r ~~oo .. ~ ~ nl'Qj";D • 

.P~l ti~n • lot va-ns pl.iic~ o\ltc:>1d8 13.'-e:wch ot ol4 

Jo11s~ o1'la~6<~ - 86 P• looael;r :pa.cre4 Jrl. ~u.r. 

!1,!\0n~tto";.' - ~6 hlne'l"\ed. 

Olou<t.- ~own 10 tt. 1n atra aa ttled. weu. 

Ant.W.s - a lir::.J• 1 ro t"' intenals on each tide 

( fotal 16 d.cgt ). . 

s~'!':•loc - 4 er~ ou .ul1 e1&t, :«>, 40• GO, 100 

tact L~t~"Vnla, 1.;;:.:~ t ...-Jd ztl.t-.; \o r~ht; iJ'It'Jr ~ri od c£ ro !l"!nutoa. 

":Jo;; L':le!' ... olotrl:f - etleared USJ 10 minute• a.r ter l!lhOOlt., 

Wil'·~~ Y"!'7locity - ~ to fr ailos per h(NI'. 0 
Af,;;_~)~ll~a ture ct air - lnaide trench - 31 v. 

.• r• " tt O'l)tatd& " - 1/fOii'. 

:il~.~~ ~iT~ l::r1.n:::itt1 ty .. 1lj,;ilt3 tt • 66~ 

>! tt - ou taidoe " - 6&~ 
~.,,rn~etar- ;e9.8 inches 

- '17 -



~~-\lj•fi•.-.Jiet•t•a._tt_. . ._._: •• .--.~t?1•?tt.-r~·•r-.-.-.._ •.• ,.t•t•r.-.-~c~tt-.••.-.. ~-. .. ---------------------=-~ 
e. field Repul,pt ~~ 

8dft-t Qu QQAQ@Attadg;p ln m. ;p£ lit« (or ·SM· tullQ.W.hS UJM 1nt&DJ.a. t · 
plo a5 Seo-alO seo-•20 Seo-tl.Vm•aa li..t.D-a& ~~~ MirtlO .wd.u-alb l'lntJO JOJ.naao 
c;us:::J."<m4' , IEQI l Pit , • ''lit' t .,.., f ,,, t 8 1!1 :Iiiii , ,,, , ,., I''DN .. 

I I I t a I I I I I I • 

A I .oos ts.lO 1 4,20 a LOO : ,8? a .OOa •1.6 I .oo I .ooa .00 a.OO 
J t.8Chl;,el0 I tj,. TO 1 l.DO I 1•80 l .&?a 1.06 I e<&O I eOOt .ttl leOO 

o a T.tUhl-i .. oo • 5 .. ?o t ~01 • 4.40 t l.$.>a 1.v2 a ·= • .ooa .06 •·oo 
» · c .of• 4..eo s -- s14.ro s '·'' t :.oec 1.90 • ·• 1 t.410r .06 a.oo 
ll • s .. 90• 4..!0 • &.se. • - ' - c .oot .oo a - a .ooa .oo a.oo 
I t .001 e00 I .06 I 1..10 I •06 I .001 .00 I eOO I .001 e00 1.00 
G I •001 eOO I .06 ' eOO t eOCI ; .001 tOO t .QOO I eOOt .00 '•00 
a ·sx>• .oo , - • .go • ·R2 1 .w• ·SN t ,w • .og• .oo •·® 

2. Wind s.!li:tts4 to tFVO-r lett tia.e C;;" set. up. 

3. O<:.s-.:;.1~ tior~ 1 

Xilloa. - 7 dogt .. 140 fG3 t fror., 4cU teet let1;, 
lCO t~~ leN Gl .(&Ojt.::etil..,. 
S6Y~e ou~J. ·~!es - I 
Light " - 2 

-t. A..pptiorentl.,.- p'DtJ.d.!le d~s oo' 1noroa.h pars1stono~, 
but c~"J.eel.'t olo-.~1 to :a.)rJcd morG 3WOthl'1 ~~~:;i. v:i t:~ l<)U wu" 01' t.~a filled. 
aot\mlly US()d. 

b. .?ert'i 1t~t<eys 

toha cloud so high into t.tr. 

5 d. t!'.lt.·u uikir r.:1ot - heavy mist 20 fe~t r~ht, 
4!'J toot hi!'t of' i!l"()jQ¢til~. 

lti ld.nu·hi ~t.:r t:~•ir.~:l' - fs'Jt deteotG\l to 10 teet 
J"i>P,hit SO !GO' l~t. 
J::.'w) :::i:">::.t,;s ~/Lr f·L~i..r,=~;- Wt d.~:ieCt6~ W 6 toot 
~!..~~t ~ .-r:--•l•:tt·, ,,-; ·t-:.:~et .1.f'l:i"'t of cn-ntGr• 
N minutes r.rtar tiring - alignt odor 1mlllediatelJ 

45 mtnut8s after tiring - pract1eully no odor • 

.Pttn.ioo pr.,ve:ut~ booster Ch.arSo t:rom lh'Satteri~ 



------- -- ----~ ~ --~ --

A I $ >c c 'tr ·· .... ~·. ·p,; 
·. f 11. li1Cht.CI'e J'IZ"l'ell. 1 Ola;rton. 

.S...&t. Jea.I-78. 

1'his ro.Po.r-t oon~a a l'ost~m~e u4 OQI~psriaon of 
d:tta ginn 1n .B.u. .X!Xl!J66 a:w1 .B.u. XJOUI-9~ 

OOncl. USiOl'lllt 

1. iho~Gne al>aorbed· 1n pll'llioe d.oea not e,?po.o.r 
IIOl'e peJ'e.ietant tho.n }.ilosgono alOZIO. · 

& Znllf'J'Z' tn1 ti.al and &V$J'OSO oonoentra.tlon 
obtoino4 w1 ~ ph~e.n$ plus p1bioe and a *io elO\ld ot less e.x~t 
HO'Uro4. 
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Raport on tirint; trials or S'* (26 owt.) 1Iowi tur oa.at iron eholl ob.a:. ged pb.osgeno Jan• us, 1918. .. 
', alr:1 Qb1egta to determine t.~t· 161 61f howi uer ehell .aho!.tld tall 50 fde· ':lp'lrlind of everr 40 ~· ,cd t:roont .. of' ta:rget 1n arde.r to produoo eat1stao'\c:D.7 lethAl eff<tota. 0'120 tir1al. t./6 Z'da• ued1 other l/3 ot number at shells laid. down 1n of't1oial pampblet. 

'b. Metbo.N 4rt.lllel"7 Detatla. 

.1?· of tr1pl ! 27 !" i3 at 
Jro. (¥! 6" How. usoct. a 2 6 ' 6 Map l"~ ( ;prd.S) 4.0(}0 4000 40!i0 4.-000 4060 i"ron t eruo.god .. -'0 40 GO 4.0 .1() .BtteotiTo a:reo. - 40z50 ~ 60ld50 ~ 40%50 RounJa tired (l"Sllgea 
not 1nol\14ed) u 8) Z8 '' u Ra~ ot tire (.B.1.) l§csec. 15 sec. lS IMO• 3 aec. s 1$0. ~ma to fire s.J.l 

l 

roundS 4r l!df. 7 miXIefO 2. mi.n.40 seo I m1n.l2 sec .. 2 1111n. 5 180. aec.. Direction ctt tiro eut'ilaJe errtilad.G frontal Aocw:acy of' trontnl entilade 
slv1o thr trood Q'Ood CQ0\1, $!'ood oxocllent , D1£€ra.'l'S t:J£ m·ra.:llgemGnt ct tulimls, trenallea and. tAll o! shela are gh~Qll 1:n roport. 
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l'1mo ~ da7 
Jarome ter ( 1!14hea J 
Dle~ote:r 
(dey) OJ 
, ... ,) OJ 
Gl"'\lndo, 
Ws.M. cU.reotion 
Wtnd vel~1ty (:ra.p.h) 
lUd:n:tall, dnr1-
GEper1ment 
Rel:ntall cturi:qr 
F•rt oua ~ hO'UX'S 
SIQt' 

1. 
fiJQe a£ te.r 
explosion at 
tir•' shell lt1f. Sec. 

soro 
" II 

2 0 
2 0 
% 0 
2 0 
l 0 

J'rlne 19, 
1918 

Sa40 i,L 
19.60 

ftial. to. 
.Baigb.\ 
a.lxm.l 
tloal" ot 
t:renoh 
ft. in. 

.. 
' l 
4 

' 1 
4 .. 

0 
0 
6 
0 
0 
8 
0 
0 

J'lme' lit 
,1918 

taiO .P.»., 
ti.60 

dUll 

6.89 
S.27 
6,7\1 
tro.ee 
trace 
'·M-
1.02 
0.12 
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Oct. 1, Oct. 11• Oot. 161 . 1918 1918 1918 sa.a .r .• x. "•40 p.u. aaoo .P.X. J~J.eo •·'' a.,, '"· . .,. u, ~ 
•• 4.8 
W(ateaq)w-w.sw 
I 4r 

111.1 all 

Jd.l \rao. 
lU•- blue 
ololJ17 
tU. f1ne clull &u4 

threa•n-t 
1ng, no 
ftW'Jqh1 'QQ t 

TOltGl\0 ot' tiq ul.d t~ 11• ail' con~ tDg phosgene taini%Jg 1 in o cw. per TOle llboa- cubic :eter getae both or aompb .. at n.T.£e 

700 
900 
'100 

tZ"803 
traoo 
fOO 

4400 
40000 

"· 811 3.6Sl 
4.742 --
.. 358 
0.'112 
0~084 



18 
Zl 
u 
I 
I 
7 
12 
14 
H 
2 

' Q 

11 
K 
17 ., 
a 

" 10 
13 
16 
18 
19 
2.2 
.:aft 
a100 
2800 
290:> 

t'::f.al 26 
!Jistanoe 
trom 

,500 71ll"da 

600 )'al"da 

1000 yards 

lotfd 7al"da 

flJi16 .CMJ." 
ex21oa1o:n. u£ 
tirst B11.Gll 

2 0 .. .. 
" fl ., 
I zo 
" II 

" ! 
!! .. ., 
'.' .. 
If I 

• \) 
ff • .. !! 
~ " tt t' 
!! ~ 
t? !! 

" 10 .. 
" t' t' 

!! t! 
'! .. 

~ , 
" t' '.! ., .. 
•. 

!! It 
~ .. 

~ 

" '" " If 
' 

... 

~laht 
a.brive 
tlOOJ' of 
tre:::.eh t,. tn. 

• 0 
tt 1f 

l' Jf .. !.' ., .. tf .. ... 
It 

., 
1 I .. Q 
1 • • 0 
l • • 0 .. • 
l. • 4 0 
1 a 
1 • 
" 0 .. .. 
v u 
l • " .. 
4 Q 

1 • C: 0 
1 8 
1 8 
1 8 

0$0) IIXI.!Ii 4 2. 2 2 .! . a &AUk 

.t6·/l1)'er 

.Phosgene 

1.76 
26.n 

G. 59 
0.0& 
zdl 

vaoo 
0.65 
0.'18 

11.64 
traee .. 

" c, 

o •. eo 
0.68 
O.Vl 
0. t5'1 
O.Oi 
0.09 
vaoe 
0.51 
0.08 
0.19 
0.17 
0.'16 
0.154 
tz'o.co 
1111 

q 

To!-., ot l.1quid. till~ 
ail" con- l.t:'C phosgem 
teJ.id.rc 1 tn ooe. per 
\"ol. pho1- oub1a JOOtaJt 
pDe 'D~h or alV#pl.e 
!f! I:$•P• 

2600 1.222 
1'10 11!.65 

8000 O.UJ 
60000 o .. oBft - -traDe -7000 0.454 
6000 O.M-5 
liO •• 1&1 

traoe -.. 
t' -6000 O.ft9 

tooo o.,.,. 
6000 0.636 
12000 0.!53 
t50000 0.063 
50000 o.OG3 
tra.oo --10000 0.211 
60000 o.ou 
25000 0.13S 
2!5000 O.lli 
6000 0.531 
fX)J 6.966 
Vll4e 
u11 -" 

"' 

: . 

1'g m~aat~aJ.Jl Sl:'liQl ~ ~lF~iLr·~oo gl!.u~ 
lf8e/11ter VoJ.tuoo ot air Jlo~a 
.PlJ.O:.l£:!000 co:nt a1 tl.1l1g l YOl. 

phoegone both at 
' 

0.04 10000 W1tnout Jg~ ~d tube Q,Q4 " With .. " 0.04 J.Dtit,OO wHhow. t; if " 0.04 Jiltb • if tl 
nil t:race Without " " It ... -Dil " With '! ~ '.! Ml *~ ;ngou£ ,, 

H " ft " .. 
.. 82-



ijiiitii ; ui u; .Ji;#!I' •) i:niJ!iJii}· iiM!it,t ·t. ·t~iditinmufh.J&4%44¥!< . ,UitJJ! LMMAC. iSU:Zt i!"4¥N 
(J) t;r:, ... !IE 

ll\!./lttor 
ii11UIII'UJU:&1i f.. l.b;~Q:Da j Poar&. t1Jso t4ter lleigh~ alJ«& Tol'UIUe Gt ail' L1qu14 t11J.-t .flo. ex:"9lOS10JI i'J.OCI!" ·Of iiooageD~J ocmtldb1f6 1 l·pb~~·-· ~1Qil « t:1~ t.reuoh 1'0le phosge.ns b 001• ,pGJ' Viagram lh1t11 
bo\h a' euitio • tear 

!f.T .• '.?. ot •Ml.Ple 
... I a·:· bt i I £!- +: 

1 1 4.Q 4 0 l.SS · ~00 0.9.1i;li fS " " 1 e O.G6 fQO'o 0.464. f !' ~ • 0 o.?3 &000 o.no u '! !' 1 a l.H 8700 0.866 lZ ~ It' ' 0 0.62 tooo O.Ma 16 '! " • 0 o.u 14000 o.au ' 1t ~ .'I " 0 0..71S &OOo 0.831 .. '! '! .. 0 0.01 1000 0.426 Zl • ! 1 • vao. ~ -• • 10 ' 9 Btl 141 -' " " • 0 l.tll 4()Q) o. '108 i " ... • 0 ail.· au ~ 

lO R • " H 1111 &U -~ . 
1& ., " 1 • tru ... Va4e -!!) 

u ~ II ' 0 rt tt --i'.L !! " If ., 
Q.l't .t5000 o.w 22 '! ':! " !! 0.49 iOOO 0.342 

.. 
if/ .. ~ !! " o.u 8X.IO U.Oi8 

... 
' ;: i 0 " ~ !.!Ja·· 2200 1.411 8 " " 1 i ••. d? 8000 0.:98 ~ t' tt 4 0 1.05 4.800 Oe'138 12 " " " 
., 

0.~ l:JOOO 0.251 
.. 

15 !! ~ 1 • tireoe VMe -l.a ~ ~ ' 0 O..la 86000 o.Oil 2l Jf '.! l • 0.13 10000 o.091 25 ~ " " 0 0.18 2ti(JQQ 0,126 a; ~ ~· " .. ~ traoe -4r 'Z ~ !! .. 0.09 60000 0.063 " u " " tt t• nil nil 14 '! !! It tt 0.14 00000 O,G:JS 17 '! h 1 e o.1e UOJO 0.12& 
.... 

:.;:) t4 " 4. 0 tratJ~ t:r-ooe 
... ... 

o•• 

"" It 1! 1 a o.l& 30000 o.u2 2S !' " .. 0 o.os 60000 o.o56 
.. 

.38 D.o • '! ., l 8 nil nil -Z9 D .. O. !' t.t " .. ~ .... ~ t:racG --ro D .. Q. ! , '! " nu m~ -
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.l{Qd:N?J!!IL. U .. II I b AJJA Lklt[!dtt - 4 Jitw,; .eta~-" 1tiiir Jil,tL: .:--·--i11 aetJtiliM*r-; Jl rw'Q'JfJ--ii;. · .• l ... / 
Qoiwre;t +ntr:•• Ommptratt 9P" 

• 

J!Jt;aA!l~•=-----------.--..--..-.... .-~~~r~1~at~~gr~._ .. ._._,~ • .-.--. .. ~--.~ 
IGeMl"al j,ftZ'_. I I tc.kmral A.~ l I 

aQsmgentrsUp 1 t aOmgentnttcm I I 

Banplea andaVOl'WIO of a.iJ'alfS./14 atn.llt!ime aYol'GM ot t.ir,-./la&.bollt'flat 

Saftple Ioa.aper YalU. cia tlur~a ot tper nlU~De ota 1!\u.-1,1 Oil 

'PARW''iMt ' ' '=ssot •mow• • . 1 ~ 1. 

1 S I I t I I 1 

I f0t0)0 tO• Olrt t all I - I I,CDQ tO. 88aa Jdl I -

I 4t200 tl.Oil I Jlil I - I I,GOO IO.Iftl ail I -

, e.ooo ao.aftl • nil 14: mina u.ooo ao.rraa 2111 •'1 w.za. 
1 a 1 tO eeot t 1 1:!0 leo. 

4: (RO•i$) I fiX) a4.tol t I I leqooG 10.1&11 zil • 
om at 170"•1.'}. ~'16 fllgell 
t.JO\ tnol udecl. ln gone:re.l 

-----------... •..z.:r.~~~ot~~oo~lt"-..;o·l.....ll!o~on.,.Mitlll.&lJ!iiooi\.4.Uat¥..~il!iolSW-·'------------- ~-

•*312:108 the later higher ~tgurea Rl'V IIU'bta-oq'Uently ma.il:ltll!.na<l• tH7 &r4 in­

olu4e4 in the general a:rcrege oouoen\rat1on. 

Direo' hit tn trial 26 ~uae4 hi.Sh local ooneentrat.lon tmd grea• ~au t7. 
"Nbcn h1gb4J' numb&%'. low oallbro sb8ll (4.1> 1acbea) are replaoe4 117 amallo:r 

~1ber ol hieh oallbre 1hell (6 inahet, t)U; Tariabilttr ~ oou.oentrat1DA 11 

sraatlJ increued. 

'~· 'l'tial f§7 
t»osn.. Time a!t6r ~g./l1to:r 
Jlo.en exploaicm phosgene 

Tol\WIIII ot dr Otm- L1qtd.d t1ll1JV phor 
taini~ l voJ.. pho.,.. co• S.n och 11er eubia 

D.lagr~JD of tirat sene \toth at II.~.P. r.eter et aam.plc. 

sboll 

& l o.26 17000 O.lU 

' " 0.13 
11 " 0.~4 
13 " o. 5 
l9 " o.o9 
1 i-:a 0.53 

1-2 0.18 

! l'P2 i!t~ -2 

~woo 0.091 
~'(}()() 0.098 
~00 o."s 

b'J'JOO 0.06~ 
iOOO ~370 

1b001) .126 
11000 o.~e~ $00 o. 'l 

u 1•2 o.oa 60000 o.ooo 
14 1•2 llil cl..l -
lC .L-2 traoe trsoe 
lS l-2 0.1$ $5000 0.091 
J a O.l~ 40000 0.064-
6 " 0~, 1.2000 0 .. 2'72 
{$ .. v • .J.4 ~;,}00 o.o~a 

lQ tt vace t;:r~ 

15 " 0.22 2:.)000 O.l.M 
17 " 0.,(}9 moo OaO§S 

• ~!.me OnlJ S:~)pl'O::dma.te. 

•n (,:,<!.-



~~I !l'r:l.a.l .... 
~t;./.L.S.ter ~ .Post tion ft..mo arte:r Be 1gb.' v a1,.., o:c air .Liqul.d tllltaJP Jra. aeo axplbllicm. abm PhaogGDQ ocm'un1~ 1 1Jl ooa. per cU.egraa ot ttrat flOOr ot Tol· phosgene -ou.bia atu ot. 1n cn-131- lhell tnnch bo~ a.~ aampls. ifbl nam K1!t Sse. n. 1,& '..T·le 

a 1 Q• &· 0 19.03 DO U.MO u: tf H ,. .. 0.96' 4'10;>, 0.6'11 l4 !t .. 1 • Oe4r6 MOO o.w 17 ~ " -&..0 0 0.77 6000 0.6H ... 
22 .. ~ 1 8 0.98 taoo o.~-M 

... 
• ~ " " 0 o ... , 10000 o.aza .. 
2 a 4,5• 1 • U5.10 • 17.160 a .. u• " 0 U.74 160 e. as a 8 .1! .r .. 

" a.OB fOO 4.226 u .. 
""= 1 ' Mf ,600 o.au ~ 

u !t • 6 0 0.52 8'100 o.a;a l6 !.! " • 0 2.86 uoo leha u !! " 4 0 l"--la 610 10.080 21 ~ !! " 0 10,80 410 ,.us • " !! .. "" 1.2? 1600 0.887 1 ' o• It .. ~ 25.14- 200 16.160 ... 
~0 " .. ~ ~ O.Oi 60000 0.063 u " " ~ ! o.u 40000 o,oM .. .. 
15 ~ " " tt 'l:r'ece. trace -.., .... 
lS " • '!! " 0.09~· «>ooo 0.063 

.. 
8) ~ ~ 1 8 0,80 15000 0..210 23 ft • 4 0 l.i6 .ISOO l.86i " 1f1 .. .. 1 a o.a> 25000 Oel40 

.. 
Do29 • Q 1 8 o.u 14.000 0,224 D080 • " .. .. l.li 1800 Oe83l .fr tlt1lat.own ~ 1 e i.!O '100 

···~ 
6 " ' 0 2.2.72 200 15.8'10 7 '! " " 47.1~ t& 32.960 9 !' !' '! 5.63 800 3.931 25 ~ l 8 0,4» ~zoo Oe34:2 
~h.ese tt t'IX) s are U!lCCl"tain. owitt; to sr..elJ. b<-trsta ln the trauch ln this neir;hl:iorb.oOd.. 
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a 1 

'&pbl.A 'tO MW Snf'lll§tlQft of p,1toat hita qp thA agnoonttntAOll. 
Se~tiu:u fir a J1et! at !11iM aamglea pm qooncd I ·~ tl-enah. :\1 lUD. t 2 .tl.1n. I I 6 lf1L I tJ:a::i:town I 
(lt oa. ot 156 Sect. 14-5 S.O. tO 5eOe I opeMd bJ' I aMple a 1 a t8bell ~pllnt. 3 direct 
!:i!!;,tal! j ,j?.Z1: • ,,~1 /1.! • ii:z*'!'i :;:;;~; bite. 

I - I I - I I .' I l ~ & I 
1 (l-7) c2:50 &19.2 a aa 11.2L66s 2GO/e2.oa s700 · • .&.z a 

•SW al&U'u • a ' • • I z (El-l%) t4?00_. a'XJO l6.Z08 a6000Ql.08Nal00 I 6.52 I 
' ' · •UOO ao.u 1 a • • I 

I I i5 (13-l) &,800 .. 41500 1.8"/00IO.C0?614.000QQ.llO&a 
t6000 tO. ?36t1900 a&. Ul atraou a i tl Ut cl~to 
I I I ll.OaJe. 11116 tti0000a0.08881 I &trencll. 

· J. I I :QOtl0.1ilftltx?09 Q &%f4t I I 
4 (~%8 14600aO.i& t:stiOOal.:a a!SOO al.72 ai~a o.u a 

AjXDO (M*lAa t269rQ-a9.1Ba 

o. c • .P. 1'16. 

l~l :agi fi:lt· 
ros1 tion fi.me a.rtor lhight )€./liter Vol'tl:m or air LiquJ.d tilling No. Sea ex-plosion above phosgene contain1q; 1 phoa.;-G-:oe 1n oca. diq..:;rnm ot :ttrat gro'll:rld "f' ol '\t'!fe ot par ¢®1c mater 1n original aholl phosgelll3 both ot 8~16 
E:'jiHI:~ ~Uiia ~~ li l•••i\s 7 u grOtmd vaoo trace 
9 16 level 3.42 1500 2.re9 1% tJ# " 0.21 20000 0.1~7 

" fi) '! tro.co U'&.ae a 1 7 ~ v.u ~000 0..1~7 
lO 1 2l ~ 0.16 30000 O.ll2 .. 

2 ... ., 
20 ~ o.og 50000 o.U&a 2 It If !:! 0.09 tM)\)0 0.065 

3 .. ... ':' 0.09 60000 o.OG3 s tt R " tl'a...""e t::t-soe -ll ·~ "' '! o.a-.t 5-:XIOO 0.063 1::-s ~~ !! •! o.oa· 6001.)0 0.056 :w. ~ ft '! tr~~ trace 
lD .. '! n trQo.e trace 
6 tr·~·e~ h}' r&t~er It ,) 29 1 btlt"J) 0,293 

- 86 -

l' 

~ 
··~ 
',\ 



G, .f_Qx.!..Q.Qlg,r.ionl P§~tla 

~-~ 0 AJ~ U AL '.1! I :E' S Pon1 Uon No, goats usea lx1atl ln 48 Severe. Light, Olaaa o. Dea4 

(No. ot 
trinl) 
'!rench 
Pueout 
Open at 

26 

7 
l 
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0 
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-
~ 100 Y~J"' 3 3 • • - - - • • 1 ~ • <t v • ___ 9_ y • l ~ • }lg• ;nh n?e<'l,, Killed Uf!g¥•9 .tmmM ti't'~'a f 

'<'rial no. 
On ground 
level 
At 4 teet 
'l!otal 

5 
1 

'1 
1 
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2 

s " e 
l 1 l 

- l -

:No3 ~,tinea 'Riw!.Jlll~l Sllett 
57 39 31 39 

36 35 9 ' l8 16 '1 2 
54 51 lS 5 
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2 -1 - 1 

Ga gd Jgrnel 

51 • 3'T 39 
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1. ilttaotat at cU.reo' hi\ 1a an, podtion 1r00re gu .aa.y 

bO trap]~ed• e.g. , a tn~ are T&ry ~ Yer, .b..ish tmd perehtent th~h 
TeJ')' local eODoentrat1-. ot gaa aro p~4. 

z. lfba gemral ,aver~ oonoe~aticm. or pho:rgem ia ot 
tile ardel' of' l/6000 t;o 1/10000, (0.88& 'o'0e<Kl6 •• /1.) not J.ncludi»g hie;h 
local eo~ntratiODL · . · · · · 

a. l.b9 ol.()'Ud pl"'d:uc..ecl &&7· be CIIX'IeOted to tra.Tel to 

W ;tard.i la a. 40ll0entrai1ou ot 1/fJOOO w 1/lDOOO (O.ews - 0.4416 71@/lel 
lOO If .. .. .. " 1/$0000 (0.1"'7& ... /1.) 
500 t' ~ !! ' .. ' '! l/100000. (0.04416 -e./1.. . 

., ... .. .. .. 
4. t'.b9 tiu 011 t Ol"n2'4 ~ liquicl a).li"&J ta about lO ,...,.. 

6. Varia:Uou in oon.o::tntrattcma g,reatlJ' iDCl"eaaacl 'b7 
replao1te a lurge ~ ot low Ctllitn rhell ~ a .....:tl Jl\iQQ}Ier or high 
oal1 'bra a.hell. 

Ge \be •78t .. Gt tek~ aample.a lD. tlle Opell J'equirea 
oona1d.er~hle e..xtensicm. and el&.boratioa, bef'ure rel1£ble tigwea can be 
obtained. 
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') 

·.,._...., ·~ ~,...__.. ~ .. -· 1 it , , . 

la. a..o.p. w (S?70). 
lloport an t"lri~ trials at itOQ;a boaah. 

.. N?ots f1) ~ain higheat OOllOant:ratian at gas obt~e 'tt7 ti:ri-q; 40 - 4" atOk:ta bomba t:r-am one ~tertar 1n 2 m1lmtea. a:a 20 ~ t'ront. 

'b. M:t til q4t 

krt1ller)' dota.tlu 

tizDe - B~r 1. 191 'I - 31 ro ~. u. 
4" c. I. ll<:mbs ttll.e4 w1 th phosgene. 

! 
llo. StGka• lDO'l"\81" - 1 
8"m:'a1.1~ oh.srge • PO!.T4el' cshsmbere hea.d, lnatant• EWUS t-u:te ( 9 1nah) f8 oom. de t onat Ql". 
Propr·llar:t Ol::a:rge - 1 biaoui t 
FuM fl46 1tarit 1 
~e e !60 J1IZ"d4. hcmt eq;age4 20 Fda. 
lh".f•ctiTe area 20x:50 J'1.\!'U - .Jl(}"\l'!.\dt fired - 18 I:.OUXtds 1n e:rreoUTe ceq 12 - R~tQ ~ til'e - rap14 ti.loo ta.B:en to til-e all roll.Dd.8 1 min. 45 soc. -Directitm. ot tire - rrontal 
Azl:rnlmi ti 0!1 • T~.":l bad. 

.Bar OtfteteJ' 
t'hermomete:- • . d.:r7, bulb ... 
Ground t~atu:r-e • 
w 1DI1 direct 1 on 
i111Dd TeJ..ooitzr 
Sq' 
lh·int" all 

~.66 1nohea 
63.2~. 
5.S.O 11• 
ti.ii:.ti<J:i. 
s. 
C,•l/2 miles per hour 
OVorca.st 
nil duri~ ezpori1:1ent 
0.03 durirg previous 
D4 ll011l'$e 



... l'!f.~~·9 

i!$ll($J$@ as .. 

.. rteld J.IJ8'Ul ta a 

ObsorTationa on tt~•l ot p~eDB Tapo~-. 
1300 Jll.1"da t:rora U>onohoa.- ph.Q8gane •auld be 4etecte4 by colcz-:'14 teat pllp«r. (md' 11m1'\i ·~ Mtect101l)e · 

Position He. t11aa at tor ln:lrat lleighii alla've li$./11-;r v Ol UJDa at a.1r 
( ~ ti l"i"l"BDl ot tt.ret baml> floor or ooJlto.1n1:qg 1 
1n a:r1g1nal 'W:fl411 aam:ple vaa troooh at Tol \1DG ot phoa 
rez..ortl taken. Wh1ch a-.;.le eane both at: I:UJ:b ~211 ...... 't&ttd 

L!~~· h. lllahea •a -- 1 8 60.61 '18 " 18 • 0 l.&.YI t:IO 8 • It " 6-.C&S 6~1 11 " ~ '! IS.25 862 
.. 

16 t! ~ ' 20.17 220 18 ff 
1 a 5..26 101 

~ 

20 " • 0 .t.M lMO 24 f.! 1 • O.l'r 26600 18 
~ • 0 1i:'aOe ... 1 1 i .. • t • .f.S •n I " , 

"" • u.ss !31 
... t !! '.! " " U.l2 114 "' 12 N !! '!. I !7.156 146 u !! !' I • M.55 K 

18 It !:! t 0 "-n " 
!1. " " " H 

82.68 139 
.. ~ 25 ~ ~ H " o.o.s 56000 

~ .., 21 !! !\! 1 I o.ro U600 
1 1 .:l) C: 0 "·'a 594 
2 " H 

l 8 ,.67 6i:8 
~ '-! " il 0 S.4:7 634 

" 6 !! ~ " ff t.es 45S 
10 !' I( .. 

t1 21.23 213 
·'> l2 .. , 
ft 

"' "' 0.17 5000 
14 '! '! r.t a .2.2.82 l-.18 
17 f.j ,, ,., 

'· .06.SP4 68 
.. 

·-22 H 
#! fl !'t ti.43 .,, ., 

., a; 
~ " f'! !lt o.zo ~2600 

,, 
l 45 L~·t -:·;)~ U,Jlode<l 3 .. ,., 

4: 0 5.49 825 ' ~ r! !I !'f 9.00 603 
10 " " rt " 15.&2 ,2t-JO 
12 " t' n 

lt 18,74 
" 

ma 1.5 ~ " IJ ~ ~.5.4:8 178 
1.5 It ~ 1 8 :;a. 80 15? 

-iO-



POG1t1en Jlo.. fimB After 'burat S.~.nt; abOYa Ng. /11 \41" v a1. una td a.12' (11~ di~&l!l at first h::db £1~01' at contaim~ 1 in or1~,iW. wnen sample ·\'ftl.# tronch·at 1' ullUe ot phoe-rep or\ i taken wtl.ic.n aa.m,pl.o cons 'both at 'W.U talr.ozs. E'.T.. P. Ft!l: 12'· 'b I~a·· 

t 19 1 45 • '0 .U.S 1.94 22 .. • 1 8 ti.U j% • " If 
4 0 l?.Q 254 

.. 
"' a 't • 1 • . .U.IO 1~ Zf .. 
!! • 0 o.1z MSOO 

._ 
a ( ln \.Ue opoa J • , 

1 • labOlt$ 1.-U zut.O .. grcnmcl) 8 I 0 1 8 O.li .2ZBOO 1& " " It " 0..08 56600 8 ' 0 ~ 0 0.08 66600 16 .. n 
" .. 

0.16 28300 • ' 0 Ill 
~ O.P 14:000 

... 16 .. It 
~ .. o.u 1.8~00 

... 8 • 0 '! " 0.08 !56500 l6 • " tit 
'! 0.%4 1B900 

' .2'9 ) Ia ailel ter 1 16 l • 0.16 !8:'Jl0 
5l.) dugouts 1 4.5 &baro tlo"Z' 67.14 67 m.) 15 0 o£dueout 1.!\.55 3M al) 25 0 " ••• 1031. a> ) In deep 1 45 • 6.58 8ll d~tlil• . ~ bo'I.Ue 1n 'his pod tion op.:ne4 'b7 a!'U.nten t'rom bomb Yb.f.ch tell near ~t durir.g tb.4 l"8JG1~. 

. 
•· i;titi A2l0 r,t a'tl Deta• 

P:::ll tion 0! :ilo. unod :J .>, :3 Y A L i' ! .W ;; c:o.e.ta 
:Jo:.~d 1.n i1oV'f.>re l.leht 

In tre:~.;oJ 
ln dugout 
In op.an. a.t 
50 yvds 
.tu opun. at 
100 ;mr<ta-1 

9 
1 

3 

48 bra. Ol.a.s.s OJ...ass 

e 
l 

0 

9 

kor.& 0 

0 
0 

0 

l 
0 

5 

1 

fat~'?' n t ;.:::2 iL;)llUir ks. 
Do:t'1 CG:iw.al-
S&- t1 ;") t. ~.n-
yez·~ cl·:.dir.g 

Cbad 

89 89 Of 7 rsts,6 d1&4 100 100 1 rats w!'licll died 

0 40 or & r;;:.ts,l died 

0 0 or 3 :rats,l diad., 



14·4 t 

-:. Conc:lnslows. 



•. dtili(tllll : !lq; 4: 

_,_, ______________ -~---- -- ... ~-----

-- -------.:-:::-- : ·· ; :u, i~tliAMM;-.A;;u:m C"*" .. cur.. 

:f..oport 011 firi:ut~ trial or 4.6-- ho~itu~ c:ta8t troa 

ahsll - tilled wUh .};ohDae,ena. 

a. Ob,l~ta 1~ detel"lld.u pera1ster:o,- ot phi)~:::S 

ill ~,=.:.;.·.;rr;-;:tl:. .. a:ro:.u $ballad ..-:1 t't.. ~.~·· 'ht,;;.·tt~:ra. 

:tio. o:t t:ri.;-1'1. -c. G. :S2 

!C. 8Mllf' UBK - 4 - 4.5"' ~wtt.tel" 
-c~ :!:io. cf s'13 11 - 0.644 

Cbe..-a1~ n lllDc .• Jlhortt•l 
Bunting oro.~., ~ 0.1.c. (a) 
Pr~~ lla.nt & - !nd Jr • C .. T .. 

F't.ur-4 • 106 Ill 
lUnd ~ell .. 0 
Jeup re."n[.~ - l?Sil 
'lhri;;tt ~P~p.g~d - ·~40 7tll'itl 

lio\mdt !1J"fld - ~tiS 110t 1J:Cluded) • M 

R.ou..uds 1m brget :- Z4 
~~o sf ti~ a.F,.s ~. 
!lt:n to t1-:.-o tor. u 11 ro'Wll!f: 5 mt;n. 45 G«Yl• 

lJi.reoUoR ot tt:rS - hoatal 
.!c~'IJre.cy o~ dlooti.""SS .. wry good. 

'1'!.1' ~llates ui'to~ last •hell e:xplodedt 24. ra.ta 

and & suirsa pigs wo:ra pla.lod 1n ah~lled a.r«J.• Gt~~~ ptt.o;• romo~d i.n 

6 ll.ll.wt:~s. lt'.ttc 1n (,~ m!nu~oc:. 

1'1'io shly ~1, !918 .... 7r45 ?.!. • 

BnrCL'9 te:..• - 29.'!5 inch.ea 

~,nr.::wr-:1 tr.r - dry :~u::~ - te!-r'. 
-;;o~ ·~ -6-JO.i' .. 

t;~~1".i""! t::-! .. )!"!~1:..-;o;;.'"~l- 630P. 

EK;; - c 1 o·.:.uy 
l~.inf,J.:i.l- :.:U: .:~·~ ?:tptlE:lU""; a.nc previrms 24 hours. 

Co:ndttionu - f.tJ.ir 

ltai tl}ar.- o"..iserv·.:..A.·B nor t:>.:nl:·i:::'..lr were ::;:."t<le to datdct 

the !Jr-'Jtu.m.oe of ~s;e!l&. 

- 9~ ... 



Peat JaOl"tera e:xa.rnlJ&tlon L'l' 3nlmala 8}.DWfll:l ~ alg:na ef' gaaalng. 
It la r&aMnn3.bl'J t" e.aS\ItlG tk!.t. p.bOSf:,"!IW baa no perdate:raey in 't<:nl~l'!'Owth. 
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; .4 a:tt 

B:xparin-nnts to de'tol'roin& the P3ra1sto:noy or lttthal e;aaoa 1n 4~out .... .PlloegOl'ld!!l. 

Previous roports state tlJat shell tilled with phorseen. exploded ln open eo that, oloud re.ssea 0"102' trenoh containlng dll6out. 11 ttle e;a.a 1s ooll&otGcl 1n 4V6out. · 

. When she:U 'ftl'S 8Xi)lode4 ln tr~usoh• blgh conrsntratloDS ot phosso11e are loUDd 1ll clugout. 

Deacr1pt1on ot l>ugoutaa 

bo dugouts COI't:lt.Wlica.t 1nG with trenah b3" ebatta 1.7 teet a.p9.rtJ total. capa.o.1 f\1 of tich dugout (1nolu.d1ng abaft) 1270 cabio teet; floor 15 teet 6 blchG• below level ot bottom. ot t.rendlJ tloo:r 21 teet 6 1DOhea 'below gemral growd lewl. 

&Y:.::.RIA!i;#!l~ I c ZC' f.Z.: • .Bomba t1ll94 with phosgene. 

f1$e or trial - &pt~:;:;'ber 10. 191 'P - ,,oo P.V. 

,Artilla;a De taJ,laa 

3 T.t:. bo;;.bs f:;ll&d 'With 'f'boa:gene. fitted wlth ta e~rc tal e leo tr1cul dotono. ton • al"l"'dng6d near tretclt as shown 1n 8kD toh 1n orte 1nal re!X'rt• 
~':.6 or burs ti.ng - 5 88()0lld8 1nto:rv'.:;;.l bo t.fcen f:l and 21 ctoromeno 1ne with bamb Dearest tronch. !en Hoonds botwee:n 12 and z. .Dagout &n\mncea .taned 4own wind. 

b. ruotn•tn1~1sml l.lat"-'t 

DrJ .. 
Ground 

'.11nd llireotton 
" Velod.ty 

!Icy 
Euim·:..:.11 

... 95-

29.90 inola s 
60°1. 

61.5 °r. 
56.6 (}p. 
...; •' 
6,.-'• . ...:.. • 

~ Jdles 9er hour 
Blue, cloudy 
1a1 during exparb:ent, 
0.02 1nohes dur 11"{! preYiouw 
t">·!&n t"J -four hotlrG • 



;: !3.#¥! a d4 .. a :.; • "'WW 

e. f1ol4 :Ro•Jl1ts 1 

Position f1me atte!' o o 1 oe; lifR4'&1011 
(sea aketeh explosion 
l;u or iginaJ. ot f' 1r• fi 
report} shell 

Height abOTe 
tloor ot 
ttrench Gl' 
dugout at 
whi oh llalli'lO 
was taken 
r; tmW• 

Yolume aJ.r oontainiza 
om YollDI phosgene 
'l»th .. t L!.Pe 

D (~out} 

0 (dugout) 

A. l tz:"enoh) 

1 
I 
1 
1 
2 
I 

1 
I 
1 
1 
% 
! 

1 
1 

40 
!5 
10 
1:5 
-to 
15 
10 
!A 
4D 
as 
10 
~ 
.&<) 

15 
lD 
26 
3) 

315 
40 
4.5 
110 
55 
0 
fi, 

1 
" 
" 
" " 
~ 
'! 
• " 
" " 

4t 

" 
" ., 
~ 
! 
!' 
!t 

" Q 

1 
• 
" ... 

" .. 
t' 
'! 
~ 
'! 

8 o.oa E600 
" xu 
!' fi:l"a.oa -~ • -• BU -... 
~ • -~ ~ -If .... . ) 

0 :I'U ... -" " .. 
'! !' -~ !! -~ !! -~ ~ .. 
~ ~ 

" " a 
8 18..56 a&4 

" 18 •• 9 245 
!' 14.10 821 
!! US.7S 330 
!.' u.ao 153 
1! 6.70 6.to 

" S.M 1'00 ... 
!.! i.46 1020 

L1 ttle or no phcst;o:ne from b~·.mbs l.rurat 1n opan, sinltl into 
doop d~1out, a.L t.~O't.ifBh tha cloud o:r ~osgens pusi~ CNer th.e trenah gt:ves 
risa to high ooncentraUon.n 1n trellC:b. uddway betw&Jn the ah.&tts. 

1550 J"tU"ds distance • unplee.tun1t Odor • strong tobf:l.coo 
rec.c~;.i.on last1~ several hours - no lae.l:l.ry'mat1on- no reapir.s.tor :ooeded. 

- ;JG -

j. 



----·-------~. ----------- ·-- ---·-- -- ----------·---·----- --·--~- -.- ----·-··-~--~-

~jtWC No, lh 2 11 t.L JoSs :rtll.e4. nth l'h~ene 1n 

tho irench. 

!1rne or tr11iJ. "'!' ~· ;u. 191'7 - &t~ :r.lt. 

a. 1;t SjH?~! s 

6ttillory Petailaa 

2 'bciJI)a em 'fl01JZ' ~ trelXtl 111d"«q 'be tHen 

2 abafta filL fl:q;oat. fil:D4 af eX!JlOdillg • 15 8tt00llila ln~orT.tl.a by -aDa 
ot 16 eleouo1Cfll. 4&\omtoro. .8o'th ba.H well opmecl, dome oloud f'Uled 

nnoh. lllnd blowiDg Oll 'lO eD.tZ"&nCeS ~ ¢ugouta. Oozldit10U "f'f!#r7 

taTorable 'o ontora.nae late wea~GJ'U ah&ft.. 

.. 

b. Ketogrolgg1M1 pa-tat 

isromBter 
!hermOllllteJ' .. w t bul'D 

*7 If 

1n d.ugo1rt 

'iml Direct 1 on 
" V510<l1 t}' 

-.. 
-

as. oz. 1:r.ebee 
&:Pl. -. 
650J'. 
MO:F. 

Hor~ 
.f, miles par 

hour a 
l)ull 

- liU dtll'~ lst hout' - t..ltEJD. heavy 
ahOTel" t~ aeTertl ll'llnutee - t:race 
dm'1Dg previous t.wenty-:four ho-ure. 

e. ~~Ql¢ Rcgn4tsa 

l tt. 8 1~ &bOV'9 floor, 

- "J7-



~aft~ gQl!g;:;.J1£I!A fl2flfi 
a:xplosion 
Gf tirat ~. per liter lolume ot ai:r oontai~ 
bamiJ Pb.osgtt'De 0:ne VOlUi.Ae Ot phofJ€8Jle 
!U& sgg. - boSh at JiaLf._ 

.ao rt.%3 59 
e i2.12 49 

1 lO 41.22 b2 
1 25 U.8$ 54 
1 4-0 82.10 u 
1 &5 es.n 6:S 
J 10 M.l4 • .. 2 26 82.14 m 
3 • Ye.tl 68 
4 25 f2.16 6.5 
6 25 66.77 68 
lO 0 5;;./'I:S 86 
l6 0 19.11 ll5 
10 0 SJ.. 7'2 l'li~ 
40 0 U.Bl S7l 
1!5 0 !6.tn 171 as 0 f.Ot 6S9 
lr.aa.. .JJ..t,).. 
1 lO 3.48 lSN 
l 25 1.8~ a.uo 
1 65 o.Y5 6200 
2 25 o.u ?070 
a &5 0.49 9240 
2 Z5 O.l!6 1?400 

d. Obsennti ants. 

icr S miwt~& 25 seoonc.s after ~urst at bcmb conaen­
tn.tion ln ttttgout 1'emaino4 at 1/50 'o l/50. l:o. 15 ld..rrntes tlle concenua­
tl on wns 1/loo. ln one hom-a lD minutes ~!le conca.ntr3. tton 1'10..3 l,llooc. 

l5 S&ctlnds 
. B!S " 
2 minuws 
40 minutes 

1515 minutes 
l Hr. 10 min. 

R-.a::plosion ut lut l)Omb - Tr:ry danae cloud in tl"encll. 
lia:d..rm..122 oonoonu-~t1on phosgem 1n dU&"<>Ut • 
:Pense cloUd- llr.ht tro:.'l eleatrio torch pam~r&.toe tor 1 :tt. 
Oloud. in cl:~o~ still T~y dentJ.e - oononrtrn'Uon pb.~gene 
1 in zn. 
i'ronoh still a;nel i st:ronglf o:t phosgaoo. 
Still "'ff'r;f ~ked et'a<lll o£ ph03gcule ia twench n-:Ja.r weatorn. 
Bl'..sf t o.t d.ugout. 
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t£§1gtgy 

Oon.oe.utrt:.t.itin <It _e;l:;..Q:e;;a:.:::. a d.~ilt • l tn M5CI. 1leob-1o 
web. p\'lll'3tra t tJS acros3 ~ ti-ench praDtioalq 

t'l'ee tl"Ol:ll pho.;Jgene exoapt e>oaaatoaall:y %103.!' e~:moo 
'0 ~0 d~')Ut. . 
OWOI.lnt:::-~. tt an ~ '_phro~o:l.O in d~~v t - l 1:t 91«0. a.­
ae:rvta nt tho~~t -,rotacticm could d,aacem to w1 tbia. IS a tops 
or Do tit IJl3l ot ~out. 

Oc:mcentratton ot phosgene • 1 11l lMOO. Unprotec:ated. 
obsentll' ~Bl.kad t.l.tro"'.tlh 4uhout t:oo JriUcl1 ,p~CSl'.'$»8 present 
tfll" ~ to r~a below. 
Dt\:; CUt Cl"!.tll' tit ,lllioaSEU ... 
Only tclnt oililr ot ph"OBS&t14 la d'UgCJut. 

JXP;f!ll111# po, I;..t., 4." O.I. BiOltu ~.filled Phoaga~ 
in fre~ 

!1m& ot triaL - :iop\embor 28, lil 't - liJaOO J.r.¥. 

4rtilla;y Patailst 

t &takes 'b~. at~ t apa.:ri ·~ bottom ol u-~ 
ml.dway 1>etwee:11 2 aha!tl at dui;o-~1.. uX?l.od.ed Sl aooonda in~arT&ltt. ~:trance 
to d:ugonte faced d1rectl7 da\1m. w.tnc. - s:o.mploa co.lleot\KI. in center or 
~out l tt:. 8 s.n. o.bo"re floar. 

ll8l:" ORJ ter 
bl'lhOOlc~~· - \>'&t bulb 

dry • 
,;:~ 

'.11.00.. cti.:rQOti Ol'l 

" v,~:.:..o~it;r 
.tr~intall 

-
-
-

~i.ca.e At'~r 'J.~,1 !'f. C ,,;; 'f 2: ;;~ t. t ! 0 !. § 

Zi.~ l:n.. 
54.4~"• 
s5. a OF. 
so~. 
Soutl:Jifeat 

., tniloo :oer hOUr 
nil d.urixg oxpm­
ttt"fJ • true dur itg 
:;n-eviou 2ft. ho'IA"a 

cplon1on ~. per li tar Volt118e or air containi~ 
or first 'bom)) 2hosge.rr.> or.e Tol~ phosger.e both at 

=pr~a~·===M~*=Rr~==~~~~============================~~·~f~'~E='========~==•=u==~ea= 
.30 
45 

l 0 

-~-



f!m.:.. alta:!' 
ex.:?l~s1'll! 
of tirat bomb 
HrP· 

1 
1 
I 
4 
5 

HiP+ 

l 
1 
a 
a 
I 

' li 10 
15 
m 
ISO 
zo 
60 
0 
2.5 
4.? 

1 w. n. ao soc. 

l hr. 
1 hr. 
3 :lr. 

4 hl'. 
ti h1.". 

I. 
i., 

m min. 
50 min. 

25 mUle 
41 •n"12. 

-. ~-·· .... 

• 9 0 I Q i I f p 4 2! {_O I! S '*'• ·.per 111oer · ' fol'OIM ct eJ.l" oont=Uni!e 
.Ph!.» gem cito TO.&.Ub!t lt.AvJl&&nti l.lo ~ Stga, "' I' R,f;l• I 

16 
10 
0 
10 
0 
0 
0 
0 
0 
0 
0 

41. 

&-.'lb 
51.5! 
oo.se 
4:'.1.0? 
~'\ell 
-M..I5 
1:.! .. 03 
r:t.09 
u.u 
ll.M 
2.14 
O.ft 
O.z.t 
tl'~ 
o.oo 

t:P~oe 

ey 
88 
90 
96 
M 

l02 
108 
1.1 
204 
:u 

1&00 
~0&0 

1420() 

La.st b<nlb e.3:;?lodad. .Pool or liquid phosgene oB fl{)OZ" 
at tro:nch. 
~~ oo~~jn~r~tio~ of pho~ene (~ in 88) nttain&d 
1n dtlgOll'te 
liu liqtid j_:>h::Js,j;o::-;~ hft on tlo:..)r or tt-onclt. 
!l:t'n:t~h b:lt;-,.,.,:El:l ~ntl"ano~a cr!' dU:JOut; ~J.M.r or phosgun.'!l. 
Dat3eterl~ in tl'!lt)Cll jut out31do -a'O:t~rn. st•:lft o! clu,zo"..tt • 
.Pho: .. g~P.a st.El issu.i~ !rVllJ. western sht.l.ft. t.lnproteot'3d 
obeorYer til w1tl.1:1 0 st.ep:s bottom oast6!'n sh&ft -
en.c.ut:ntl!lJ."ed at:r-ore oonc3r.t:ra.U an or ,hoagetto. 
?hosg-,me st.llJ. !'!!il.r ly stroztt 1n liugout anri wostorn 
r. ~ '11rwt..J dottrr. r.s i. :·c. 
fest ·s]")er ~lo~.' re~'<cti.,_r. 1n du~;a:tt- tr~tnt GQ.or phosgene 
still ct.:mlf:h t.-? b:a untenable. 
?hosg.,lJ.o not d.:::tected • utd. rn~s notioon.hle. 
~U\i all.\1 s--;s.irwa:;r oleal' Cf \"i.sible. elt>Ud. 
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EXPW.l~tlt NO. I!a 4..5" C.l. H.ow1 \Sd' Shell (14sz'k Y) 
Filled .?hoagelle ln trench. 

flma ot 1r1Al - Oot. 5, itl T • thOO P.ll. 

.. Aithod'' 

A;till~fJ petajlf! 

~ hw1 ti&J' &hell a - 1n trench Jldda'q \etween enil'anoe 
1;o 4tls'wt, e:xplodad separately. l:n.tenal or zo •oonda 'bebteen& wind. 
blow1~ c10m1 trench acroa ontJ>ancea to d~out. 

flmo after 
exploa1cm 
ot tuat 
shell 
~g;, !i!Jn. QeP• 

50 
45 

1 0 
1 ll} 

1 ~ 
2 0 
2' :50 
3 0 
4. 0 
5 0 

10 0 
1D 0 
lO 0 
~') 0 

1 2J 

Barometer 
-!bsrmoroo tor - wet lTal b 

lr7 " 
~ound 

Wind direction 
• Yelociv 

SkY 
ltain:tall 

-
- Jl, r... -w.:n. w-

u ID1.les por bOur 
• llw 

ltll d.ur1J:G exposure - o. 24 1nohea 
4\.ll'i~ prert C'llS 24. hours. 

~~e./ltter Volume or air oontainitn 
phosg~ne OlX! Yolume ~ phoageoo 

both at N.T.?, 

tt-acs 
S.51 

12.08 
17.20 
16.36 
13.86 
13.90 
14.48 
13.00 

9,00 
2.84 
0.27 
o.,os :;u 
:~:..!. 

8.22 
375 
~3 
Z77 
32? 
Z26 
313 
348 
459 

1590 
l&SOO 
~:)0 

\ 



• I I II II 

S> Seoo.cds 
1 tin. 15 Zoe. 
6 ltlnJtte& 
15 IEfmlwa 
26 lU.nute• 
SO'¥inutoa 

J:¥:ploaic:m ot l~t shell. 

Xaxi.AIIllll 80ill0entratlon, or phosgem ln ct:ueout • 1 1n 2SZ. 

'err a trq JJ,miill or phoagoua . 

ln t;he trencJ1 
i'rench 8.1ld ont:ram:ss ot ~= eloar ot phoSgene. 

Phoosen. oonld onl.;y jwlt be d.ekoted ill l.hlgout b7 

amell and teat paper. 
l>tg&lut clear ot pb.OilgeM • •• 4et9cta4. b7 amell er 

tost paper. 

1. Jllgh c~u.traUcms <;t phoa,iatlG in deep d:agouta not 

expected trom shell aad lKJI:aba burat1Jltt near tbl 'Wench. lruht1~ b 

trench er on top «! parapet may prOd;;.oe hlgh initial ooncentraUo:a. 

2. lr.llp013sibl• to state ti!lr) a.t Wh!oh d~~t 'flill be oleu 

at gu - 4op&nda on wea.ther eapec1all7 wtn<t Teloo1tJ ed ventUation ot 

tl::D,gOU t. 
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r· 
t ; ' ;;; 

llepa:r' on t1r11'lg ~il!ll.a;-::01! 4 • .5" hO'Iii lser c.I. mark X aheJ.l 
tUle4 nlh phoapne. 

a. fpthqda 

!tlil1erx Pitas~·· 

lunabor or 4. 5 how1 tzel' use4. ~ 
~)e ot shell, 0. 1. ma:rlt X. 
~ r~, 1760 Jal"d .. 
:rron ~ ezrgogeA. .f.O J&l'U• 
1Uteot1ft u.a 402:::!10 Fd.a. 
i.O\mCl.e tired., CSl. 
ln etreot1Ta are~42 

ltate ot: tire, lar&Uery tire, Z .. conda nth paue. 
ftmt.!l taJcan to tire all ro'IZll48• 6 Jld...ml'-a 1.0 aeoouda. 

'h MeMorol0£1Ml pataa .. 

Bwome ter 29. 85 1n.ohea 
tbermame tar - drJ7 bUlb UO:i' • 

... ~ " 40<T. 
ground- aOr. 

Wind d1recU1n1 - South Baa t. 
Wind veloo1 ~ • a to 1 milea po:r hour. 
SJq - blU! 
ItoJ.ntnll - nil duri~ expo:rure 1 t'l" preTioua a4 hours .. 
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- ............ __ -·-
~----~~------

-... 

Jll\ir"fro·~n-n-- trr -- . ~·, t 
: j'· ( I Ci 

" d 

o. lbl!l Hu~UI 

Pos1 ticm. f1me dtol' .Ieight Y.g./L Oa:ocen.tr a t1 ~ 

(aeo o.r1- «tplpa1cm &bOft 1 Pct ill Liquid ;pel' cubic 

g1D&l) flll tire' f'lOOI'e 
JliQter 1n ooa. 

llholl trenolt. 

JUpe 'klih fit I& 

1 0 45 " 0 o.u 4.0000 0.085 

1 .. • I • O.h tooO O.S8Z 

' 
'! !' • 0 1.0'1 4200 0.?47 

' ! " • • 1.06 4M'.)O O.'f26 
.., 

14 !! !! ft ~ Jd.l - ld.l .. 
1Tl7 ~· '! 1 • 0.08 60000 0.01>6 

18 ~ ... ~ "- e 0..16 JO()JO o.uz 

23 " ~ l ' nil .. atl 

• if '! 4 0 o.os 60000 0 .. 056 

6 1 ttl n • O.lf 25000 O.l3Z 

6 " tt 1 G %111. - Jdl 

e • ! .. .. o.G& fmt) o.~ 

lS • '! 4 9 1.14: 4000 o.m 

15 p !' 1 63 0.4-a 1100') 0.100 

1'1 ~ " • 0 0.71 600~ 0.4i6 
.. , 

lS ~ 1! " It l.iO :MOO 1.~~ 

t2 !' 
}; tt ff l.il 2400 l.&M 
" 

~ 

2 ! S) Sf ., 0.08 60000 0.006 

11 " 
.. , fL !! o.u U?OO 0.29& 

12 ~ ... ~ 1 • 0.39 1!000 0.&'12 

l.6 ~ ~ 4 0 o.l6 :IQOQO O.lU 

2l 
.. ~ " I« ll.2? 100 7.868 

s 4 15 '! " o.os 60QOO o.oe& 

... .. .. l 8 o.oa 60000 0.056 

' ~' 
.. " 0 o.1s 25000 0.126 

" 
10 ~ !! tt H 0.18 2:50000 0.126 

10 If ·~ 1 8 0.09 bOOOO 0.863 

16 ~ ~ ... fl l.~ %300 l. 5'16 

19 !' ~ 
.. ~ v~ 

.. 
19 '!. !! l 8 1.16 ~00 o.eoz 

Sheller !' "" . - " 
dngont aoO'fe tr'aae 

~i ~~ 
tl II floc; -trs.cro .. 

out, • or tro 

20 Open- 2 0 dUgout 21.51 160 J.S.~ 

"''-~ bi' 
l 8 

shell at 

.. l04 .. 



~;.---.- -;;---. -. -.rr ;; j< j 

lnas..~oh ... aoat; !lo. l wu .killed. by a pl1nt$Z' and that T&ry high 1004ll ooruwntr:~tions ot phoSBor.e was rooord.b4 A' aomp~1~ _posi• t1ol'l8 a> and n, 1 t aeems probable t.ha.t an unobaener shell IIJI.1.S11 haTe been 1n this pos1 ticm or the trench towards middle ot period cSllrir.tg Whio.h aa.mplea ware taken (" m.tnu~e 56 aeoonda, tha trial l&s~d I mlm:tfee 10 seoonaa). 

Qgnggntrati prus !n !£• /1. It phAAgno. 
~ncb. tS~li~ a ftma a.f'1ier ~noemo:ut GE t1.r.t:ng §Agtor tP()Sitipn •1.5 h•t?Bd!•lr !tP, '9 hg: •; IDe fl 

1 I 1 • .f, I 0.1104 I I 0.07SI 
I I 0.49Qf I 
I I 1.051.4 I 0el7&4 I 0.4.014. 

J I 6 • 11 I 1..0016 I Jd.l I 
I t l 0.1§2 a 
I I all I 1.1~ • 0.2168 

3 I 12-18 I 0.0"156 I 0.40U I 0el4?2 
I ' 0.1471 I o.yM • 

o.om 
O.O!M 
0.1'764 
0.1766 
o.om 
0.19% 

I au, 
• 
' I 

• 
I 

• a 

_ i ~I 

4 ' 19•.2.2 , ' I • 
l.M 
l.M 

I 

• 
111.01• 
tZ1.60• IS 

·Local 

l 
% 
I 
4 

aU•!t I ml I I I I • o.oyM ' , 
I high concentrations probabl7 4nB to bunt~ 

1'hMg !1t':'UrfiS art'! Mt 1nd1ented. ip, )Qble-

A'ror&o---o concentration 
rrJr total por 1od 

0..1766 
0.4el4 
0.554 
1.5771 

~Yor~ concent;ration 
for whole tl'ench., durin.J 
lobl v;£ 124 1 

0.6'19$ 

. .t\octn"r.tte pred.icUou at" deat113 and sgv~r:: otu:n~lties pouiblo f"row. &i.l.Oonoid. rat.ion or cono~ntt::ldor:IS a1o110, when ststes as above. 

1 ,l)i!'centagG aJlom.nrJ.Cs 
a 41Gd a Savore a 

I Ola.ss in-& 
)cl. u<ll r.c 
I d\ed ! 

' 14 §7 &Oi' & l"tlb· 6 S\iftd 
a 

0 ao£ 6 r$-ts. t diad. 
I 0 
l v 

I 0 
: 0 



Oi:>1terraUon on trwOJl ot phoageDe -
Olou.d. tra.Tel 11-<Xrt.b. "-'' - Odor pereiateut lao<> Jard• f'rfHII 

V'en.o.b.e•• 111111 i ot deteot1ft 'b7 odnr or teat paper 200 JC"da. 

•· Ommlll' 1aou • 

!his trial (pb.oagem 9) w1 tn phosgoZ8 exporiment 2. 

liLDd. T&lOOi "Yt &ilea p.- .b..O'tl:r 
fomperature - ••t bul'b '7. 

JilrJ " .. 
Cb-0\md" ~ 

.A.oaura4y ~ ahooU~ 
l'eroen ~., dea t.ba 

ncseer.e a Pbosg ewt 9 
1•1 3-1 
&6.6 co. 
tiS. 43. 

Percent~ det.tha ani! severe cas~.al- 100 
t.toa 

LH5 'lf€•/1. O. G'l'i ~./L. 
11. 4Jr'.- ta tr yl .2 OL llVlOk:e 

pellet 
lail:are at trial d..us t.o use ot &mDIC& pellet to'f' Oponing th& 
mell. 

AYerage OOl&Ce-n'tr-at1ou of' phosgene 
Jurau-. charge 

r~ ~ ~ ~ 0 ~ (4708) 
(2) I Ro~~t ~~·tirt.~ trial~ 4..5 8 Rowitser O.L Kar:c.t 

ahell filled phosgene (0 536 j. 

l:sp r &IJ6e • y&rds 
iront ezuaced. yn:rds 
Xfteotivo area, raraa -
Rottn.cis t i.r ed 
Round. • 1n oi"x oct; 1 va e.rea -

l7SV 
40 
4.QdO 

50 
fj5 

.:t~ta oi' :ue, '1.2. 6 •eo. 
'l'i.me ~ tire ell rounds - 6 minutes 15 seoouds 
Firi~ &rial COllducted. in hri£;h t swJ.Sl:..inu a..Lld ground 

templ31';:;. t.~.:rt1 ~ t:l~ t~.it·, .,U<.il tior.us usua1.17 oonstd.er&d. 'tllll:"a.vorab.l.e aue to 
~d d.1ss1patiol'.l of tJw gas. 
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441 ;,.ee,Qb. tt¥!JJ4t4il\4lQIU#Q)OitJ AJit\2!.$£(£1J, .; 

b. Haleqrol,od ®J Data• 
Barometer .. 1:iJ,. ~ tnclles f~atm-e, drJbulb- n. PJr. wet .. - Go.: or •. groUDd, - '16. f),. 'Wind. dir~Jction -· lnl:l tt Telocit;y 3 - ?, ll!JAt'l 6 milet fer hour Sky 

- 'blUG 1\.t:in:!all, during .X.P$r1m&nt - ll11 preT1oU!J 24 hour& - nil Weather .. tbe, bright aunahi11e •• l.1ftl~ 

~·~·uditllU~ws Ql ;ghgs~r~. 
i:: 

Position I flma U't~ tlbi;j'ht a OonoentTatiana d.1quic:l phosgell$ b 

(sea or1- au_plodon 1 abO'Ie a)lg .. / liter al put aces. per cub1 a me t•r. 

ginal) tot' 1st abell& trench s I tn I 
al.ft.u. a Sea. atloar I I I I 3.:..: .... f1h Jln. ! I I ' I ' ' I 

' 
1 I 1 a I a .fa. I 0 I 8.90 I 500 I 6.217 
3 I " " tt 

I " I :,tt.). '12 I lSO I ZL.4.5 
t I !! I " I 1 a ·a I u.?.fr I 390 8.200 

" 8 I ~ I " I 4 0 t nil & • 
... 10 I ~ I ~ I tl " I $..9.2 I 1200 ' 2.738 

12 I '.! .. H a !! I 0.;09 a50000 ' o.osz 
... .. 16 I ~ • .. 

I 1 I 8 I 0.45 110000 I 0.314 

... 
l8 I If I .. 

' 4 I 0 s o.09 150000 & 0.065 

"\ 2) I "" Jt I' tt I " I 2.16 I %000 1.509 

... 
2Z I !! ... I !! I !! I !! I o.:o 125000 O.l.frO 

.25 I .. 
' !! a l a a I 0.17 1.25000 0,119 

... 
26 I !! I .. J! ' .. t 0 o.ro &25000 0.140 
l I l s as I l 8 f 0.1'7 tZSO:JO I o.119 
& I 

,. • " I 4 I 0 a 0.74 I 5000 ' 0.51? 
6 I !! a ~ t " 2 " 2.4'7 t 1'300 1.725 
8 I 11 ' ~ !' '! 0.61 ?f) Of) 

o.<~:t.G ' 
lO a !f 

t' .. 1:! • !~ ' 0.18 : !560)0 O.<XIl 

., 
l~ I !.f ~ s If 

I u • 0.62 z ?000 . 
0.433 

~ 

• 
l4 

' ~' !.' I 1 ' e 0.19 I 2500 • O.l3Z 

16 I !! '! I 4 J 0 0.,09 ,fi0\,)()0 I o.o&a 
1s t ~ ' " 1 11 

I " trace ,_ 
a 

23 
' 

tf a ff 

' 
H 

' " ' ::111 ·- ' 
"' .... ., 

" 
2) '! ' " !! ft 

t:r.eee : ---- l 

... Zl I II 
~ • t1 

' If : o.oa &60:)00 I o.ose 

... 
"' ~)." & " tf 

I ~ I "'C I nil '--
., ... 

-... 
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------~:· •. ~ M;. 

,position aflmo at'ter aBel{Cht • Ocnoontl'a. U ou I L1qu1d phoageue 1n 
(See ar1•ae:x:ploa1ou aa.bo're a.,;./l• I lpar"'t • ooa. P<Jl' cU))le mater 
glnsl} a or lat ahella tr'Gnchtl.O<J:'I t». I 

ll&lh I~DQa l!la 1&l111 I I 
• I I I t • a • s • u • 4. I 0 I nil • I 

• I • I • • n I .. I 16.01 I 280 I ll • .el. 
'I t '! ~ I '! I II I ~12 I 1500 I Ll'lt ... 
i I f I ~ !! I ~ I 1:n.ce I I -u I " I !t I ft I .. I ail a J "' 

., .. 
]4. • !! • ~ f • ~ ' " I 0.19 I &5000 I 0.18$ ... 
17 t! I t' '! J ~ I 0.87 I 6000 I 0.608 
19 I ~ • ~ I ~ I ~ O.GO I 9000 I 0.348 
21 • ! I '! t !.! I !' I o.u • 10000 I O.ll4r 
u I ~ I !! ' t' ' '! I 0.09 a 50300 • 0.068 
M I ~ ft 1 " I '! I o.oa ' 60000 I o. 056 ., .... 
m• • '! I I! • It • ~ • ll1l. I -- I .. 

2 I • I • • I '! I tnce • - I -... 

" • .. I " I '! ' • 98.26 • 46 t 68.6~ ., 
I !t I ~ J !' I ' I 1.'10 I GOO I l.ttU 

' I ~ l ~ I 1 I • • :5.60 l 1.200 I 2.6~ 
u • ~ • ~ ' " I 0 • 0.91 I 5000 I 6.635 
1.3 I !:! a ! I fl I " I l.lZ • .-roo • 0.789 
16 I !.! • "' I !' • !! • · o.M I 8000 I 0.1'17 ... 
17 I ~ • ~ • 1 l 4 I o.zs I 2.0000 I 0.161 
20 & .. I ~ I • I 0 • 0.1'1 I 25000 I 0.119 ... 
24 I ~ I • • " • " I o.u • 10000 I Oe3lfr .. 
1!6 • ~ I .. • l I 8 I 0.27 ' 17000 I 0.169 ... 
2a•• I !.! ., 

' -- I I nil I - I 
2i•• I " I " I .. I - I a:u~ I I • S~laa positions -30 and 31 wax-e takan 50 -yards trom U'enc~ 1 1 S" a.bQ'I"e 

gr-ou:n.d. .... S~los poeitio~~ ro ana. 29 w~I·e t~n in dug·outs. l'S" abavo tloar. 

ieDat~l t1Z"rt'.CJ ggngi~~~tri·!i l !JZl~• 
Sectoras~les i:os. s a ... :.. J.. &Oancautr~tion not ' Rem.nrks 

iU'a ~~~~\··,·.-;~ '' li:.Eil 'u ~·--·· ~,.¥ 1Vr'a'i ~ n ~-.:;;,;ell 
I I I 

~ 1 - 12 I !JQ~fi I ;:! I~~ ~lls!. 2§ 1 QQ a'l'he c.owentrr~tians not in-
~ 6 - u: 2a:i2&2 ' 

..._ ______ 
s el:un . .ad 1 n the g~MWra.l WGre 

~ 1:2- ZQ I !2ei~m7 .... ....-....-- • ob tal ood in ol oso pr ~1mi ty 
4 I Zl.- ~ I 0.1766 I ------ a 'lo ani ~etely after the 

l ai/J.U:a~ 21: gJ.;tS:~:Ii ll.i:lilh 
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r ( nr $ 

' t 

~ • t 

'f 1' •• : 

Vcr <fi2gl"~ ah~ positio:.aa ot ~· aXl4 BmDpU~ 
bottlos ee<t ortg1.Dal :roport. 

.Pos1Uo:a. tlo. ota !kilfHAl ~~-
_ .. 

it.t:ASlntram• 
a,o~U I clead in I Geve.zreal.ight I Deu I Llnve olua 

I ~~ ~u:£1!~1!1 lllnas ! l'!!lm1hB 4lt.ad. 

• • I I • • 
In trench • ' • 1 • I • • I lfr.S • &7 
ln dl.\l011t I 1 I 0 • 1 • 0 • 0 l 100 
In open at' 1 I I • • I 

0 a 0 &0 ,-erda • I II 0 I I a ' C) 

J.t 75 JXU"da I a 0 • 0 • 2 I 0 I 0 

.u 122 tt I I ! 2 I ~ I i ... 0 0 

Post~= aKo. ra:te ' l'loedt aGaeMd& P.orWU. t lao ad. a. dead and p,aaltd 
I •18 W11• . t I I 

l a 1 I I • 
Ill trench I ' • 7 I 0 l 0 & 100 I 100 
1:n apon a.t r .. • • I 

00 yerd.s • 6 I 1 I J I l 1 20a 80 
At 'Iii yard.a • 2 • 1 I 0 • l I tiOl 60 
"lQQ .. 

~ I t 1 a 0 I 1 I 1,.0 50 

ObeGr'V11t1.01lS on tr~el ut: pho~:oa Yapora.. 
De teo ted 'by o"baenera bO<f yara dov.n wind - tracas 600 yards. 

l. Oanoral trend ot too phosg~ne v~par was t<> 1·ise 
frorc gx-ound in its ps.ss~noe to and OTar the trer:.c.h. Observers 600 yards 
s-:w~ y-:ar":: not wo:.a-1nr; :;:;asks, whe:n..l~. 1n re.-:laat trials phm:gane caus~d 
l.r-.chr;,"li'lnt10!l ut 176-:J ~d.:J. 

2.. 

se ,w i ti ve tl:.t.ili goo. ts ' 
of tiiroc t hits • 

ltosruts bettor t:rd'Ul anti.lipated; .rats mora 
e&;:>wa tics ot:. (tOC.ts J.u.e to local high concautrationa 

$. .Rest1l ts &::ow that bOl!lOOrd."'ilent 1u s'\'a!S}\..1%l8 might 
be sucoessful s~~ testa naeded to~ ca.nclusio~. 

.. l03 -
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( 3 ) •_; • r; • ? •. 21 6 ' ( 3 9 9l ) 
( 3) llai_)ort on 'be d.ISIUl Q:z:I.$OWJ f'1.rll:g ot sa• al1d li.R. 

a.h&lle l - .... f:)w b.OW.i.CZ81' Jc1.i:;.r]C X shall Z'llli~ pho~ne, and. lS l' • .l}.Jl.Q.J'e 
oerv1co ~. shell. · 

a. Q9.1Aett fa ;!~eo Wht)tMl' e!'1Mt9 produaad 'b:r gaa 
ahall ere eer1 (.ttl313' i.Givared b!f D.1.cml tan3oua :1'1rillg 0! !! .. 3. ehsll. 

b. i!At.h:lda ~ sq'.W"eS 60 b~ 60 J9l'd•• w1 tb caged 
guinea. pigs a\ 10 yarCLa 1n,ervaJ.a. 

~~ 

o. Mstagrolpgig&l »eta' 

l>atG cd &q)e.riJaant 
time ot day 
B4remoter • 1n0ll&a 
~rature -wet ln2l.D~. 

dr7 tt 

grO!WUl. 

&-l%-18 
1St 10 .P. "'-

19.?0 
50 
55 
~ 

';i i 4ld. 1 riil' CIO \ i »~. S:-f.f!l 
Teloo:l '1• lil1.l.H 10!" 3-1 

hour 
RaJ. nt &11. d:uri.~ 6Xpe.!'i:uont JJ1l 

p:reTious - -..our. ml 

J:U.avrilll• sa:l.211¥1.1 J:st om;: ~ la 
a lro. a!:Ulod 1 Sevare a G t~.S • .;G4 al: Ol"'ll.lala % 

5-20-18 
6a00 .P•.M. 

10.06 
45.6 
4'1 
sa 
w .,_, 
nil 
ail 

'~ Xill&a_aeTel"e 
I~J..aa I<:JSsual t:t.ea • aN~aoasualti&•• 

' I e:a:usad 
.Phoegeno ' I • I a 
sml! I iii 0 i I It .I 1& ~§ !ia 
.Phosgene • ' • I a 
lLl-lll Jlt!. l M,. ~ ' ~& I l:Z I :lrJ i I !Q 
'i'ho esc 1:.0 ' t ' ' ~:X: ' 48 1~ 

.... 
s• - ! H! i u I ~ l §fl 

Phof!gene I 

nlps ll_, :"(, 41<: .. ) ?3 1 B ll ; ... J5;: 'lP 

e. l!GrA 

Our..di tiom: Oi' first urjer1.i00nt - not G.ltogethel" 
favornt•lo• ground i~<:-r~;t'lll:""? lt.igf:Wr t.rzt!n ~,1r tj:}~el~!lt'\.il"O• c.3:us1~ ~d 

convetotion e-;.2rrent~:~-.. 

Conditions tJf socm'1u e:< . .arim~:mt - ph sgena ):)lUS 
hi~Zh exi..U.'.;aive sP,;od .are casus..!. ties f'ran 2.s.s t~ phoSG"ar.ce o:nl;v vecy 
eigrM1 oa.n t. 
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1. lfo doubt that 18 pdl'. H.~. ·~ t.e u.ae4. in oaa:­
junoti on Wi th 4. 5 • how1 t.nr shell, tille4. wi ~ phoa&e;;;a1 wi thou\ 4imln1ah­
il:C t;-t oftect at ~t.ho lh:a~ene. 

!. ~ 18 pdr~ H~. lll:lal:l ma.y 'bo tired round tor 
riN:nd \'l:'t th. t:-.a 4:.5" phOs~m eh.~U, and. eertainl7 1n the p.ro.por Uoa ot " 
U.:S. ailell to ~ ph~·~e-D~J ahell. 

- lll-

I 

I 



-----·· ·----- ----::-----..,;,__.,:.._ 

n t ·-zr-,cww ··-I r~r a~;:;· u rn ·' r n 
2t 

17. o.o .. ? • .u. ( 4328) 

J:Qerimeuta to detel"mi'OO G0'1::106n'trnt1on of p.e pJ"oduoed. 

in trenches "oy t.·'le o'ltploston ct G w 'tl'oncl\ hOWi 'tZ&!'Se cas' 1roa. lk1"k 11 

1:oa1? t1lled wi ~ phOS(rtne. 

ll-Oillb.!l Uh 4. 
Jill~ 
.ltl.'.lh tor• 
lgn1 tion 

----

.... .kY¥u\.t. 

&Ul.kta :P..taL 

6" r.x. oaot. 1:roa i.tar&: 1. 
?ho~ne ( 0 KG) 
lD JP'aml Oph<:>r 1 w . 
Jlo. 8 datcm&tOI" •leeYes. t1lle4 R.i'.O. a. tor 
ol oo t:rle lcJd t1 em.. 

Jcmbo oxploded at reah 
6lr~n~ation • Well ~'ll.ed.. 

i ath ot eloU. !t-.avelled Yell ov&r the tr&ooht and 1'is1ble tr.P 
to S>O ,.arda down w1nd. 

Iil7 ~­Wut • 
fet:A.i:>&'l' ~ ~0 t:Jt gr atmd.l 
t'J.nd Yt~l ooi tya 
l'l i:tco ti un o:f wi!id.a 

Sk;Ts 
llat.Ltf'~la 

~e!l t..ilal'' 
Baroz:.1Ctrie f'%-ess-~.Zro& 

T.tr.:;.:;~ or t.i.sy, 

.. ,o,. 

.64.5<7. 
~~. 
6 -.ilao per bollr 
B.-11.1?. 
:lllle- 41~ 
Jlil chn"iDf: exl>er 1ment -
traM d:u:r1Dg previoWJ 
M hours.. 
i'ine 
~.6 1no~u 

UsOO A.!:i. 

~t;:}¢ ~ .l.Lf..Q!2.L.v.U_.i.,·p~<,._· '-',..!)Jiios_a;w;:;.:~·9uf_..sa...,."'~',}'hi110.'o.altd-l~il.....,:Vlj!Oiol~) .,__ __ ,__ ________ _ 

fJr~a- Po~1 tioo lfi.~ dt~ C G If Q ;; H f Ii 6 T I 2 N S 

ple No. explosion M~g./liter Vol"tUe o£ w· aolltai:lltJg 

at bombs a:(; ono TOltzmo pil.osgerit; both 

lfhlah sample• at li.'.i.' •-"• 

wmt~w f 

1 1 " s~. 2.11 2100 

2 2 4 " 4. 0? 1100 

8 3 ~ tt 2.58 1800 

~·--------4 ________ 4---H------------~~O.~C~l~~--------------~4~~~0~----~ 
- 2l2 ... 



".' "§ • I 
. '7 ... ' : . . . ··· ...... ; ~;::: •.• ;, ... .:i...;-...,;r~;n~ ... , · · r tnili??f' tr"' sr¢ I ·r zu ·: Hst: · . · ; ~-: . 

1n :ii:te:orW. 
Sam- .PGd UOD time attar' Jb18ht a:bo't'• OONO.lll'fllAflOU' ple rro. e:xploucm .floor ot JJg./ltta:r f'olae ot a1r con-. »a. fit bo.lli'bt tre~ at tnt~ Oll• Y8l'lbl at 9'b101'&. Ybieh IGllll- I' ot phosgEme. 

IAI!Ipl .. plea w,ere 
'!t~- yt@ iakeD •• 6£2t ~-· lpslztf k 

IS 1 0 10 4 ' .2&.!2 190 6 l 0 15 3 l1 16.71 270 f 1 0 1.0 & 4 u.T:t 230 • 1 0 10 1 6 $.K 1400 9 1 0 45 1 • l.M 1?00 lO 1 1 0. 1 e 0.62 ?a» 11 1 1 16 1 • O.M 13>00 1.2 l 1 .., 1 e O.lZ 40000 1.$ 2 0 lll • ' ll.l9 '<X) lft z 0 u 8 .. 18.66 U.Q 11 a 0 20 2 6 1..18 GOO 1.6 e 0 ~ l. 6 1.56 &400 1? % 0 45 1 8 o. ?.2 6000 18 t 1 0 1 • 0.4.5 10000 li 2 l lJj 1 .&· o.•~ llOOO 1!.0 2 1 "' l 8 0..08 &0000 21. a 0 1.0 " ' 10.27 4.40 22 ~ 0 ltJ a 6 u.7a %1.0 23 8 0 !t} 2 6 6.66 100 • I 0 to l .s 1.0'7 ·'·:saocl .25 ' 0 4S 1 • 0.16 soooo a; 3 1 0 1 8. traoe Z1 ~ 1 15 1 • ntl m s 1 so 1 8 tr>a~ 29 • 0 lC 4 6 19.89 230 to 4 0 lG 3 6 l~).lS 450 31. • 0 :.0 2 6 ?.61 S90 .,.,.~ ... 
4- 0 30 1 6 1.16 2600 

.._.,. 
33 ' 0 4!i 1 B 0.2$ 15000 .34: 4: 1 0 1 e 0.23 2{)1)00 :6 " 1 15 l 1:3: o.1s ~000 ~ •' l 30 l 8 0.40 uooo 

... 
37 
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4)i1tif! r rx .· · 
:·.:.... 

.Som- l" ~si tl on 
1>1~ :;a,. 
.Ko.. 

8'1 oent:er 
88 ot «k~ 

• O'tU 
.0 
41 
4.2 
4:5 
M 

d. 

'aft}' t•' t' 

~ atif!IX' 
e.:::..;iioai~ 
ot boea 
at w'I>J.c:a 
•::~J..o.s 

1 0 
a 0 
6 0 
f, 0 
& 0 

• 0 
10 c 
49 0 

;~J.ght !).be·::_, 
tlvor vt 
t.ra~ at. 

v;;~.c,;J:I. ~le!' 

W91'·' hi1C8.0. 

l 8 
1 8 
l 4 
1 1$ 
1 s 
1 a 
~ 8 
l· -• 

!]m;tep;H·;,1QM fq;rn1tu 

.2wmuw 1t Rn:.or.t.. 

~-.. !"~ tu:;; • ... ""' 
' . ~ '" .. .... . . . 

'0~Q4FJ:RAfiQir~ 
'!lg.ju t¢: Vol·J:liO ot air 

. O(mtain1IJ6 Obit 
Y~l ".!'lle ptlliagotllt 
bOth at x.~.P. 

O.ot soooo 
0.1'0 15000 
Z.Cl :1600 
0.61 '1000 
0.80 sooo 
~~ 10000 
VefJ». 6000 
pU -

A wh.1~ cloud f9.a.&trc.t;.;,d to tbo- t~t at u-.~ ettstorn sh.af'• 
b. 20 S$~:!!:1:1 ~tar th.e c:r.L:lo:d~: c:'! ~ ~c=bs • .uc.'. to tho :toot at \be 
\tea~rn sb.:;~:t;t il! 50 J.':tOOti.o4J pbQSt,-,ne Yea dateotri at ~ eC1nt.r of the 
d~ut ln. ~ ct~co~ in &.~t a~:l'"!e1ont to :trelleflsi V.te 'li'83l:'i~ a I'OBJ?1ra­
to:-. Lc~ ~ to:-7 ;t~t .t«l tJ. ·Ar n;.1. 1·1teh.fi D..l.t'~·e 1HJ:O.~ pl'w.w.ott\t w.t1en tile eye a 
uw:oe expo~'tti a.t :», 6 :Uld l4 !ll1nutee atte:r zart~. ,.&:1; IS mi:nutes at'ter &ero 
'tt.~ o:1or e~ ~~~JllC ~~ i·~·:!sjttlbJo ill t~ t.1'<9lio'lh, a.IMt ,i:.l"L:.~~:.;u v~al" 111 
f:!.il'l7 strMl'j c.oueor.:..t:-o.t:t.:na was GU".o?lU:l'taMd balf-.::q- clo'\m. the outarn and 
l'!c-ste!"':l. s:."tt~ r;·~n t~~ :i..J.t:O'lt ~a:; ::.:::lto:-Gd. J.t 6Z ad:::::x.t(l;.: a::~~ z~\i 
,~,Jhus,._;ox.;.;;> V•"tt: ju.:::'i d&tflct:::.bi-6 by em>::Lt. 1n t!': ~out, but no di.ueoiUto.rt was 
~.:.~!l:J::! b:;- ~· ::.~~~h._~·.::. 

~a e:.u~,l~"l on t!..':' tt:-·:. l)'i" t~ :;a,r~;.;ct (lic:J. 1-4) 
,..,,.l"(" e'~":l.r.tent.ly 'tcie::J~' i"'Ji.vl'~ \:JJ• :!::;llS.,:;!:I ~ t'r.:,.··· ui: tJ,~ ,;:l;·.m_ \;.~d l.'Cao:h.od 
t.ha ·:)O!J l. ti o:ns. 

In ttr~ !tinPt~s ;~i;c~o -:t::3 prosant b:. th·;, dugout 
in tairly tdgh Contl()ntrati<nl. i:'l'OOl that t.J...,;ue until G.i"t.;;r 10 I>J.inu~a 
ther'ao wu a tatrl.y hiF. conotJ.t!tl."ation o:f .t.ho::ge.no movi~ b.o.CltW:..'\l:"ds 44'ltl. tor­
warda at'~ the ~iflli~ 1~1 uon.ihl~ cor.ter o:t the dut,---out. 



;z;: -.::.- :: 0 l',-;:./}• >'-'. "''•~""· .. ~. w' ......... --~ 
~ ~.. .. ~ ~ . .. 

a. l&tatpdt 01,\e 6-1i'lch !.Jl. oru.t troll U&rk I bomb•• rUled. with phosgone• (O.MsJ. was expl_ode4 at. the bottcm ot a U'enoll, and p,mgleo or tho at.roospbo.re ftl'o ~ollectecl. , · · . 

o. 

11:1 tte 1JCb 
Sample I1os1 tion 
No. Ho. 

1 Rl 
2 Rl 

3 Rl 
.... lll 
6 .R2 
6 :8.2 
'1 lt2 
a l\.2 
9 R3 

10 R3 
u P.Z 
12 Rz 
13 RZ 
14 1\3 

Wind Teloo! ty 
illnd direoUOil 
'.Gsmper&twe ot air a - 6 to 6 Jailu per htnr u.-x.B.w. 

Pt7 bUlb - ooo..r. wet " uO,. ~awre at: grouwl.l &h. R&i:ntl\ll mu dw1ng_,exper1ment and preTioa 
M ho-ara 

tioathar f'ill8 
.Bsrometrio press'Ul"G !9. 69 1'DO:hoa nmo ot 4rq lOaf>O A.W. 

lhld )}.ocn:!l;ga 

!Pimo a.:· tar liei~l t abov'9 ~~11!. * liv~'!n! !/&i/' 5 f explosion f'l:;o:r at 
o!' bomb-• at trench at conta1Dlng ono Whioh S'~ which samples Tolmna phosgene pl a wero veJ'ol: ta~t.e:a both at x. !t..P. ~aD 

M*& sgg, Itmt Inchyu• 

0 15 1 8 10.61 4:10 0 20 4: 0 lB.M 250 0 50 l 8 11.09 4.10 0 55 4 0 3.09 1500 0 35 1 e 1.89 2400 0 (.0 4 0 4.96 900 l 10 1 8 at-.4.4 190 1 15 4 0 .15.41 840 0 %0 1 8 13.?5 330 0 20 4 0 5.05 ~00 0 45 l 8 :e.~z 140 0 45 • 0 7.52 600 a 0 l a 2.'10 1'100 2 0 4 0 1.57 Z900 

- ll5-



'-, i 

$ample Position !1mB art:Z' lleJ1gh1: &b<JVO g Q ll 12 ~ I X i ~ f ~ £ Ill 

l'o. Ho. ex.ploaioa floor ot 1\';e/ll~er 'fol~ ~ aU> 

ol. boml)a tire-uGh a't oontdn1zg ~ 

at wblch WlUch- aa.uplo• TollBDO phosgene 

a.amplea Wei"~ taJceu 'both at Lt.P. 

lm!',. bkAU 
tUns e;z. '"' IW1!' 

16 14 0 .16 1 8 lt.e'1 230 

16 M 0 16 ' 0 4.99 900 

17 lU 0 ·e& 1 • 18.81 J&O 

l8 R4 0 H .. 0 1~.'1}1 MO 

1.9 1.1 0 1& 1 e 2.21 lOOO 

:eo lJ. 0 10 4 0 2.U liOO 

21 .L1 0 60 1 a 4-'9.4.6 ta 

£2 Ll 0 65 " 0 22..5' 200 

23 L2 0 - l • 1.92 .00 

M u 0 40 4t 0 1.08 4200 

25 L2 l 10 1 & U.80 110 

16 L2 1 :us 4 0 10.75 420 

rr La 0 zo 1 8 54.'1.2 54. 

26 L3 0 20 4 0 ~.?9 140 

z;J L3 0 45 1 8 ~18 200 

3) lt5 0 4,5 4 0 27.'11 160 

51 L3 ! 0 1 8 1.87 1.!00 

82 L& 2 0 ' 0 8.28 1400 

&a lAr 0 50 1 8 51.$ 140 

M u 0 fQ 4 0 1'1.4~ 260 

86 u 1 10 1 8 6.02 800 

86 lA: 1 10 4 0 t.zs 800 

1 n g;1~:;;;gli.Si 
S~lo Po3ition firoe a.t'tar Haight abOTa 2 0 l1 0 ~ Y. : li .l!r. a: 1 Q ~:; f~ 

No. xo. explosion tl.oor o£ J:t./liter VolU~::JC of s.ir 

or bombs treneh a.t oontd r..in,_-; on~ 

at whiob w rd ah IH!Jn,i.")l es v ol-.:zmc phoszonC:;t 

srunplan were tcz.en botll at !~.:~.?. 

l:cte ~~~l2. 
Y61.\a ~..A ~~~i. ~I~~a. 

39 l 0 1 e 25.72 170 

40 cen- 2 0 1 6 22.54 200 

4l ter 3 0 l 8 2014 220 
42 ot 5 0 l 8 ll>.;a 270 
43 g~ 10 0 l' 6 a.al 500 

44 ll5 0 l. 8 6.40 800 

40 3J) :0 0 1 e 2.92 1600 

~ ~ 
46 ta2t grift. l 0 l 8 o.u 7000 

u 1 0 1 B 8:!~ ~&3 center l ~ l 

~6 af 2 0 l a 0.09 
dugout 5 0 1 e r.il 

-llG-
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SUWgnt 10M • 

ft~ b)mb opensd. wll 61ld a gqo,d, YOllWS ot eloud was 

'brown up ar.li out ot ih~ trllncb.. '-':le a?tual bay in1tbioh tho baab was 

~loood wes cle-a or vt::ibl.o- clo"'l:i tn ,?5 se-oonda,. _w't Yis1bl.e Tapan 

were et1ll p:r~sent tn two ad,Jo1n1:~ bfi.YS a1i 2 minutes. 1be DaJ- 011 tho 

eastern stdo wa-c ~t cl.,oaz ot mtsl until z minutes at'w \he explosio:a 

cat the bomb. 

..t. det!afJ oloUd. d Jlhosgone l.!:raedi!.t~~.tll" pe.n.egoated -~ 

both. the eas.tern an.4. wes~ ah.a.t'tlf it Wll& 1mpODe1b41 to HG ao:roa• 
tho ~ut ow1:GS \o iibe opac1 tr at the olotld. .At ao mnutea at~ sen 

a aloud· ot consid.aze.ble opa.Qi t1 ..a a\111 present 1%1; the ~ ., 

90 lt'linutea Jtar sero 1 l wu Just becom1.'.c8 .• woss1bla t~ Dee aoroea tib.e dugout, 

al tb.ougll t\ll!lat h:'O still pre1eu.t 1n ~ 'bottom ot 'Ht:J. abatta. A.t 120 

mnutea ar-~r swro ph.o--~""ene va:pora were d.OkOt;e.cl em; r.t~~ th• t0vtb. 

ste.P down eao.h shaft Of thG dugout and v1:s_ible fU~~~Js 't'rere e till iu the 

dl:gout. At 160 mnt.t'tea attezo aero the d»gout was ~ trom ;hosgena. 

but tl"a.ooa ~ ~oohlorio a..e1d. Wel"u dntaet&d.. 

e • ~ OOW"b;§ I 

!he coneontrat1ons :reported show & travel of Tu,por ~ 

phosgene 1n high ~ntrat1ou alo~ the trench on both a1de-s of ~ 

bo.;y in li.hloh the 'bo.!1lb wsa explo<lacl. !ha highest eolUentra ttona 'WW"e 

l/t2 5-t .)>:>~1ttcm .Ll .a'\ 50 aeo~:ad.a A1'4d. ~/M at position l.S at 2) seeona. 

flf'te:r sera. At cne minuto at~ .zero phosgene YM p~·&aent 1n tho dl.Jgout 

1n eonosntrs.iions l/lt¥J, and at tho end at· 3:> m.tnutoa t1le canceut:ra~on 

h.aJ. tallan to 1/l,fJ'l. .At 2 hou:ra 1/50JOO phosgene was present. 
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Mcfrt tt·• .. ' c 
~· CE z: .,:.;~·- w; ... :.;: ~;:;;; ;;g;;w4ijf -.ittJ'IIlfJL. 

~aport on 71r1Dg !rial ot 4:.5" BO'rl taer 0. I. Mark X 
3bel.l1 lilled .tl;l.nsg~n&• 

• &'le t.ht:i d.&, 

f.t.ate fd t:rili.l t Ui;.;l;'ch ~. lS#lS at th4S ? • .i£. 

4rtlllery P,tQiltl 

lb.-e rap1c1 tirlllfS w1 th h.ighc' wind Telooi ~ 

lit.!.., r•~ 1?50 ~dG • :h'\'m\; 61'lg&Ced 40 ,.arda. 
Efteat1 ve area. 40 x 10 ,ara.. - ltouncla f1rod ~ 
(9 ~ea). 
llo-.mds 1n etteoUTe area ll - Rate at' t1.re lC.I'. 
2 S&COnda• 
~- taw to til""Q till. roun<tt 2 mim1ta:a lS aacon.dl. 

B.-ometor 29.9i incbea 
'J!l8r'mometert dry bulb 4r7. 

wt " 40°1. 
t:;rOUDti ~ UOr. 

il . .,d - .ti •. ;. - B.l. &. Yolooi t;y 8-6 mil as w how 
~ bl~ 
:Ji.!li. nt'all - Ji'Vue. di.L 1'DS i!J1.£1Qaul"O 'JlOl' in p:roTiOtiS 

M holil"a. 

£ 1 000 ;r...raz £rox::. tre.:nc.t.f!a uo"Uthwf1.st ot battery -
slAl'~ odOr, tllrned tost p:ap<tll' • J.:,;~:Jat ctst.n.noe et"el" oos~nod t~ travel 
at .Parton. 3 1 000 yard.o (bayoud. wood-8) - not deteoted. 

Position 1'imo3 a:! ~r ltuiG.C.t atavc ~./l1tor Volume ct Y'ulume of 
(~c d1c.- 'tt::":t o! !1~~:1· ~ .......,.....~- ....... 

~ ..... ~_,..,._ nir eontstn- lic1uid fill• 
gt"aaa in first shall L\ t 1;<111 Qh S':UU!{Il~ !~Tolume 1~ in eos. 
ar1g11'1>).1 wneu &aBplo was ta.imn at pho&@9ne per cubic 
:r-ep-ort was ~ b:> tlt a. t }UP ~tor 

• SM. Fi• 1 m'lfU~ .IU::I 

5 1.6 4 0 5.01 900 3.4~8 
10 " tt t1 o.11 40000 0.0'11 
lO ',! l e trace 
l5 '1 4: 0 :nil - nil 
19 .'! 1 6 :~11 !Ul 

.. 113-



iflf1Jii$ri!Bi't'&t•MM% .14 
';\ 

Poa1tian t1.me a:rter Ha~ht 11,s./lUar Yol'111j1a ot d:r Voltmlo at 
(se.a di&• lml'•' er e.t\ove· ~.\ ~ ur:~g l 11~\11d f1lUng 

grliJU in i"irat ahell tl;cr T011tl'ft6 or pb.oo- tn ooP. pel' 

orig11llil. When A!i:~l~ of cone 'Jx) th at cublc meter. 
:re.;.:>ort) .. a.a '\ak:Gll tl-ellCb. ~-~.P. 

at 'llllicll. 

~ Sec. sat'l}?J.e 
'l'laD ~!i.Kel! 

I ISs Jpr i 

w 16 t 0 ft06 - !' 

25 • a tt 0.6~ 6?00 o.aHJ 
1:1 ! ~ ~ .2. 6!5 1600 1.9?6 

29 " 1 a l.OS 440J 0.719 
"' .. " " 0 0.68 7000 0.4-'75 

a " 1 8 0.12 4.0000 0.084 
t " 4 0 o.oa. 60000 0.056 ,., 

l-it ! "' " o.zo 1DOOO o.no 
16 ?! 1 a 0.&-l '1000 0.447 
16 " " 0 &65 1'100 1.650 ... 
IS Q n " 2.26 2000 1.619 
Z1 ~ 1 e za.~z l.Oi 15.9Z 
28 ~ .& 0 0.&7 ?000 0.468 
2 1 6 tt ff 1.22 ~'((Y.) 0.862 
7 " l!f !.' tt 0.4& 10000 0.2521. 
a ,. 

~ '! ~ 0.20 26000 0.140 ~ 

14: " " 1 a 0. i.2 .f:.900 0.64.5 
1'1 " 11 .. 0 o. ?'IJ 60>)0 o.~ 
~ ! ,. n ,., 

0.1? %MOO 0.11.9 
1 l 50 • ! tro.~ -G .. " " !! 0,61 tooo 0.8)6 ... 
ll tf If '! !' 0.3.5 lZOOO 0.24.4 
12 " " 1 6 0.25 17000 0.189 ,-

lG !:" ';' 4 0 o.l? 1;5000 0.119 
ro " " .. tt 0.55 eooo 0,384 
21. ~ !' 1 6 o.95 4000 0.665 
~ !' ~ 4 0 1.5~ rovo 1..069 
29 !! t;t ff " 0.12 4.0000 0,0{}.4. 
S) ahel ta' '! " 1 8 o.l;; 40000 o.oM .... 

dUe-;)ttt ., 
2!1 deep " .. above o.oe €10000 0,056 

dugout f'l '.'<n' 
32 sholw" " ot d:Ugou.t rd.l 

d:ue'out 
3 tl:th-.::DOWn l 8 0.78 woo 0.645 
6 " " " 1.19 ;:; zaoo o.B3l 

24 .. ., ct 1.29 3500 o.~l 

26 " 4 0 11.'14 386 8.200 .... 

- ug-
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lall ot ah.ell and arr~~ of an1JUJ.s 1a ~ • 

.ee origtn&t re)al't. 
· 

Poaition Bo.at Qu:WUII' ~&tmba 

goats :Dead Bei'GI'e .Light .De&4 Se"QQ"G Beaulrb 

,_.. b Clala Clue caaual• 

48 hr .. Ao.rl c u •• la 
ellldi»g 

au j ~ . ~ 

In t.Toncsh 7 0 z 6 0 It ot f n.ta 0 41e4 

Xu 4~wt l 0 0 0 0 0 l nt'lh1ch ~ 
•4 -

Iu epen at 0 0 0 • 0 0 Qf 6 nt• o 41ed 

00 7&:/!da 
ln open at • l 1 1 .t5 m ot' 4 r•ta 0 41e4 

75 Fda 
In open at a 0 0 1 0 0 or a rt•• o c.Ue4 

100 ;varda 

-1~-



aeport on :tir~ tr1till ~ 4.5_. hO.rucer oaa• 1roa 
alloll fil.lo<l '111 th p}Loagen&. 

.. lUztl¥14.& 

ftme ~ trial - Sap~ 24. 191?- 8J4.() .P.M. 

'Jo. ot errerimcnt - 2 ~ ra:nge -1'150 ,ard.a - tront. ~QKt. aP Jtl'f'da. ~tect1To cea. ~ r~u- rounaa :til'ed. a& lmu:n4.1 in Gt teoti Ye lil-t' Oil. Zl• • ., " " trat~ ~· U.ble a:s. Rate of ~in • .. J.J'. l . .aecau.4a f1me \a.Qn ·to f'U. ·au rO\'lJlda - fr mnu• IX> aeco»d.a 
.l)Uteetion at til'e - trcr.\al. J.coura.cy ot fire - •I!Z'T goi>d lo. h01711txar used.- ! · fs.pe ct aholl "" 0.1. W1 th lo:z:tg nlll.'"rC\9' explocler tube »ut-a UJ::G ohurge - 21. grams t:l'o ty.l. .l?ropellct lat. ob&• • ll4llht1te J'lJoe • « Xarlc Ill z A Blind shell - 2 & 6 ri eoel.let 

D. llotAPfQlpgir;ml DAtaa 

ierome ter - 29. ia 11'1.C1':1d • ln.Ol"lattne t r - wo' bul. b • 56. 6 F. 
*1 " - sao.&'. gro'Wl4 - 5o<>.F. illnd direction ... Jetween ~oc.th Wo:st and Sou.th, South We-ot .. ,, To1oo1 t:; • l-5 miles pctt' hout" Sq - blWJ 

Ruir...f2ll • nil dl.:l.t"ing ex:>Oeitl"o s.n:l previous 24 howe 

- l.2l • 



" 8 
t 
lO 
ll· 
14 
a 
15 
1a 
15 
l6 
1 
1 
s 

" ! 
6 
7 
u 
13 
15 
17 
;u: 

c:t tt'r s2:el.l 

Anl.mal lio. 
used 

Goat ~ 
Bat 9 

f"iRie at tel" 
lrm'a~ ot 
~u-at shell 
WlGil ~le 
wu taJCen 
m.p, !8 

• 0 

" It 

t' ~ 
'.! '.! 
'! ... ., 
'c! !! 

" 0 
tt If 

~ f.! 
~" ~ 
II! .. tf 
4 20 
lf " .. '! 
'! !! 
'! '! 
'!' " . 
" ~ " i! !' 
~ '! 
ff ~ 

If '.' 
n t: 

lle1sh t· abO'ft 
1'1002' ot 
to.rench at . 

'W111oh aample 
wu ~n ,, , lipc11ft 

4 0 • " l • " 0 
1 • • 0 
• tf 

!! ~ 

~ '! 
1 a 

' 0 .. " 
1 8 
·4 0 
1 • tt It .. 0 • ., 

!! ~ 

' '! 
'! If 

f! If 

1 § 

'Mg. 7u • Tol... ~ air PboageD.' •ontm.nbc ems 
YOl'WIIe phO~ 
.taotaJ. at li. i! .f'. 

...... 10%0 a>.ll 2M 2S.M 1M o • .a Mao ?.54 GOO c;.oz lOa' l.K 1650 6.02 

'" 2.U 1700 
8.09' 14.70 1.14 IS'IO 
9~111 6.560 o.•9 t:at.o 
0.61 6660 o.u T070 
497 %300 
1.92 2360 
8.21 ~ 1.56 2900 7.73 68G a.m. 13'10 o.36 usoo 
2.~u ;u~Q 

l3ot"tl:ts at t3 amt ~ ::oll<:r-:;1!!.[; l./224 and l/156 were opene-Cl •oon burst olose by. 

d. ~w?li<l;";1Q~. ~ps;>Uij I 

Do ad ~~i3~H~I l!SE~Illl ~"'-'m 
' 

48 hours Se'Tere Ola::H» Slight ;.eao.. - :l.3.a u..aJ. ti ea t:n-1.orB Class 0 elud.im def!J\ I, la Sit:JF!Qll 8 l (A} 
89 100 9 - 100 100 

- 122-



Cod.o• 

bJ 
(b) 

(c) 

;lr.t':~~""''"'~~.~- ..... ~-.t~'- '~",_it" #,.. > ... "' • "_. • -. 
o "I> 

0 I 'l ..., " ool O 11.11 -

Seval"e cuualt;r (J.J probabl7 41• H da71 attar 
-ombardment. . 
Se'f'ere oe.tualtJ' (B) out at action to.r OOUB1clerable 
pori oct. 
l.ight cu'Ualt7 (0) out ot acttoil to; ahort periOd. 

I 
. ot tile 26 Qa.4 ant mel a, twenty-two 41&4 within 14 hMrc at'tlll' the tri:U. 0t the ! ~llt!! as ~tioa (.;.) lf'OUlQ. _p.robabl.T have 41&4 ln another ~ hOUl"l• Since '15~ fd &'Q&tlt a:ad. 1~ of J'Ata expoaod in opea..· 50 ~u be~ the line ot ti'PaDOh 'Rl'e ld.llecJ.. S.t tOllowa that the le\hal tr'avel fill cloud ct .PhorgODe llM.ra.tel lroA 4.5• 0.1. &hall liiWlt be a.t le.aat 10 ;vards e.nd pro'ba~ OTel" 100 ptAa. 
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... 
i.eport on tiring trial ot 4.5" 0.1. klt l. b.Cwi tiser tlllecl phoagone. 

a. Qb leota fb test lethal qual1 tiGs oL phosgene. 

Ho. o£ &Xperimont • 6 
lltlnha or ro1mda til"ed- 5S 1tap r~a,.lTOO 7a:ru .Front e~sged,4t0 1SZ'd$ .i!f'teot1ve area ,-ili%3> Ja,rds xo. cd rour.c:la in et'teoUTo area,a Rate ot tire ll • .lf. ,o aeaonds ~al t1r1ng t mlnteC No. of :rolm43 in etfeot1Te .area. trOll l'S.!ge t~t'ble, M No. hom tse:r ue4, z 
type c. I. l!Jc. X 
"0" nnmbor - 0 4'16 
lhu:ati»G chg. 0 - 10 (a) 
Propall~ eng. - 2d Ballls,it& :tuse 1106 
Blind shell - o 

iaro~~ 30.U :lnchel ~crr.:ture1 wet b·;.lb - u.s0v. 
¢ry " 32. 6:1'. 
ground, so. 5 r. \'tir,.d <Uroation- 'it'est Sou.th West ~ 1$outll Wen tt Yelo-:U t~ - 1--1 miles per hotAr 

~ - Ulouu;;: 
li;:,il!f'!lll - nil tir~·illJ expoauro o.t.• p:!'a\·iot."S .24 hourD 

.Direot:.i.cm a! drift given by mans of' sczae -;;.p. shl!ll fired at l>ee-inni~ and end o:i:. shoot giv~ ma.i}l d:r1:f't alightl:f north or east. 
.?:Uosz!l:ne d .. ~ ~ e to d by oa.or and. !>'>.POl" 1600 l'Sot' d3 and 1800 T<U"d.s from tl"e!l.C!1aa. li.;~!it ~ liJtootlon by odor and. pa-"o:r -2Z.OO y8.Itis f~ Or! tr:):::.::..s;;;. 

-~~-----~--------



_____ , ____ . ____ -~-------··- ··-~---, --~~--· .. ---
•' .;;, ;:, xj ' 

r. o ~J!:2:m~twUsma ~ :g}l;Jl~f.HJ~ I .P03i tion !rime after aelgh t abcrro. QQ!i2~ .N~~ ~ t' I Q l1 nmiber burot ot i"loor trench ~~e./11 tel" Volume ot air (aee diu• :f'1ret. shell at wh1 oh .a am- con ta.1n1~ l Tol• gram 1n 'Whon s.wnplo ple was tclten 1I'DG at pho sgeDe original was ta.~ten 
both at ll.~.P. moert ¥1n· Seo. :rt. lnches 

fi 3 :50 • 0 nil • 10 " " .. .. 1.15 4000 14 t! '!• ~ ~ 1.58 21000 15 , ':! 1 8 1.94 2500 17 t! '! • 0 0.15 soooo 21 ':' '! " " 0.46 10000 21 ~ '! 1 e o.ea 6000 r:t tt ~ • 0 o.ae 1000 
., 

6 4 40 • n 9.10 500 8 4 45 !! !.' o.36 uooo 4r " " 1 8 2.59 1600 i '! '! " 0 12.81 150 l3 '! '! H 

" •• 87 950 17 '.! '! 1 8 47.-t9 i5 ro '! '! • l.O 0.31 15000 fi5 '! '! n " 0.68 6500 3l '! " 1 8 3.50 1:500 7 6 5 .. 0 0.20 ~000 e " " 1 8 ft:t • .20 1ao l2 '.! ~ " " 1.46 3000 u '! ~ 4 0 J.35 ~600 19 " !' n 

" 27.55 1'10 24 '! !! '! !! 0.69 6500 29 " t' '! '! 0.66 '1000 29 ~ " 1 8 o.n 6000 l 8 0 4 0 O.fi6 ?000 2 " " 1 8 o. ::It 7000 10 " ., 
" fl 0. r ~ 7500 ll " " 4 0 0.12 3COOO l5 n '! " " 2.Z9 20'JO 18 tl It !' " 0.61 750·) 122 tl fl 1 8 11.32 400 22 '! '! 4 0 o.a? 5000 2"' ~ II 1 6 Oe.2::: 2l.OO'J 

... , 
23 t,! " 4 0 Oe4t> 10000 00 Sl'cl tar '! tf l a above 6.17 550 d:utiout floor otd~ ~ Do~p " " out 2.8& 2500 d1.1gOUt 

32 Shcl tor rt 
" 0.42 llOOO ~"::"'U1il 
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I 
---··---·--·----· --~ 

ftl I.. . >' 

e • fgd QPloj:i ggl Be'flu.l ts I 

Position QASUALflES :De.a4 in Severe Light 
Pm¥~ N'l'ALi E Bemar.lts DGad . SeTere 4:8 .hours ClaBo Class ;..or» c· caau.aJ.-

ttos in 
Cludi%2g 

d 
Intrench. 
In 4"DgOUt 
Jn O;?cn at 
fiO yrJZds 
1n open at; 

6 
1 

IS 
1 

a 
0 

0 
0 

60 
100 

100 
100 

or 7 rats 6 died 
1 :rat died I 0 0 0 oc 5 rats 0 41e<1f '15 'FJZcls 

In open at 
0 0 1 0 0 

" ' tt 1 " 100 11ll'ds 2 0 0 0 0 0 " z " 0 " 
In op~n at 

~ 
150 prda 0 - - • - tf 5 " 0 
5):u~sa f'igorea e.xel'C.OO those en«ms.ls W!l1eh w~re wounded 1n ahoJ.l tire. 
•..Dl...:lerae. ohoera goats flO in tb6 ·50 yard as aead within 48 hours. fba 
ani.mo.l died miill7 as ra:nu t or aoptio 1nf'lB.!!!ti'.\a.t1on at tha. lo::;s • its 1'1.'lll(;S 
warJ el.s.ssed C. 
••ltott;~a lL..ts were probo.bl7 usad as oor.trols 1n th.esa tests. 

Ibto 

flme ot day 
No. 01" 4.5" hodtzct' R;.:.:?t;O in ynl'dt; 
.Front ei~t,~od, ~-ards 
Ur::~oor at r O"lllni~ 
D-E;: tion of." iU..ri:re . :11:~.~ volooi t ,., n::l.ies y,-r hour !f.J:;y·t;::..t"..<J:'e bl!'• ~.'ot bt:lb 

Dry ·~ 
Grouno. ?sreoHt.:::t-;c of .:::~1cts 1n tl'e;.C.Lt 
lfilled 
Ki..l .Lc d c.:r.~ct 
De'V€'..l"O c.z~;.:;~ ty 

1 

.April ro. 
191? 

e P.itl. 
;! 

17:30 
20 
25 

-

- 12S-

Sept • .241 
191? 

5a40l\.!t. 
2 

1750 
&> 
33 

4 .c:J.~ ~J Soc. 

liJO 

Oct. 14• 
191'/ 

4a50 P.2i. 
2 

l'/50 
30 

4 z.:~ 
o-l 

43.5 
44.0 
36.6 

100 

100 

Jtm.. 4, 
1918 
!aW 2.M.. 

1750 
40 
50 

9 c:in • 

3l.n 
S.:.5 
00.5 

!iO 

10\J 



.a..r ot' bt>criment 1 2 

Percentage at goats in cmgout 
killed •' 0 10-J 100 !lllod and severe 
ossual t;y • 100 100 100 _ gQ.1l. ts 1n Open a 't 50 yards 
ktllo.d - '15 0 0 Ellle4 and savor a 
QM12111ti • 100 0 0 

t. im:Jt.U:r.l Q.fiU;tlDa1 ~IUU 

1. n1g1d oonolusioDS ret;t:.rdi:cg errect ot low temporat'ure t.mposuible rrom co~ar1rg trial #6 r.ith 2 and ~ because ot other tactora 11h1 d1 largel7 tnrluence tha reaul ta. 

2. .Percent ot dec10lts 1n ral.atlon to ter:::per.e.t-ure. 

In trenah ., 6~~ in bi.~ .2 IB!.Ir! ardor as in 3. 
50 .)'Dl'ds - r::rnt·:-r in tri.:::.l 2 al t.ho~ te41perature 

10° hit;her than 1%1. trial s. 
In trench - Ws.l 3 d.t.>i.lbla trial 6 When te:qperature 

v.-as 10° lO"li'er. 

3. \i'1nd Yeloe:l ty s.s a .f'"ctor. 

?&l"cent d.oe:.ths alw'tlld h::..V"o greate3t in triLl Z
1 leas in triel 21 le~st 1n trial 6. 

(a.} In tl"enc.h- Cll"dcr c.s expected los.J ln tr1:.1 2, 
lc~st in tr1~~ s. 

(b) .tn O,;.')On - rr:e:2tost in trial 2 - a.ccounteci. ra::r by 
g:::.!'! bcii.(; slo•:ly c:.rri :>et ov'-·l' t11o 
tll"'..l!.l:.:lz - no aril'tL1:·;. 

tr.• Qonc 1-..tsl O];<-: t 

.n. t te:::t;.)ora turea D::.lt•:;eGn z:.;o G.:1U. 5B0i'• sllcll :lil.l~d r;i t.i.:J pho::.::;o:no C8!l bo Used wi t;1 good ef.toot$ 11~ wh::ru:: uv to 7 r:: . .U,:;s ~..,cr hottr s.ral ti1.at mnxil':l.ml ef"i'.!ot 11111 b') c.xertad in v:in'-'s o:~ v:rr;,• low veloci ~J a.."'ld also de.tini t~ direction. 
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21• o. c.,p. ?4. 

. ' --~,~-··.. '--·--··· : 
~ ··tar.r·· · :' · ·qc· ·-- '• 

.. 

Report on tho oorrolation ot: Uo pJ1¥alolog1cal and chemioal. data obtainod tn 8 artillery tleld ~ KU"illlental trials w1 ~ phosgene. 
a. !'ethoda 

Ord.inel"1 t tre 1i:rona.h. uaad. I 

f~ta were used and. roaul ts tabulated as tollowaa 
Deaths (include o.l.i. arimalo ltilled cluri~ shoot). SoveN ca.aual tiea. 
l..i,:;h t o.a.su.al ties •. 

Ooo~r.!er..l futM (U..te:rial tllbulatod and aoma obsena­t1"ns on ~~~ ). 
Tir.lo of' ox:~'os't'lre - toto.l ti~ occupied by &hoot, persistency of.' ..;,:>h::l~zene vory slil;ht. Cooccntr.:.tion - ~neral u~er~a - c •• 'l. c. , approxim.::>.te ooncentr~aon of c~c e:.istiZG tor tile total period cn· the &;lOOt 11.1 til.tlt panicul.a:r portion of the trench wuere an animal was exposed. Principles oons1d3red • 

1. llumbor of s~:t1l~s ta.ko:-1 dur~ shoot - 8>-50 1 
o~ned in several ser1ea, 4--5,dL'.l"iq; snoot. 

~i.t:e o:r .t"i.rixc - t.J.opendant on Ju~r.Jent ot of!icer in c.'lo.rge a~les frOlll all pta"te or t; e~ g-::.ner~ evcrags of thesG 'Qlm:.tist&otol'Y duo .. to tt::.c\"'en distribution of' e;~,::; i:1 tre:.:.cl!.t 
2. FOi~i'!i t.::.:;.t tr.:.;v:.rzca o:t.' tl"o::.cll trorn IU.i.tm-::ll StJOt':.::::~:::;, 

cono~::t!'.:.:;t1on of' t;ts Ul;i:t:'orl:l t:c"l!"')tt:::~""-~ sector. 

3.. ti'rmc~o:::z~.r:; t~'J <iiso:tL..irj.:;,t<:- bot•:;uen sr:.D)les 4 ft. a.n.i l :i't. 8 ir.. al;ov~ t:lo t:re:·ci.l floor. 

4.. Con:1cntJ.•:! tion osi i<~;od i.w.:oct.i .. te!y ~t-s:r smll i:ru.rst e.cci:!o::tly w1 t::1n t..·o~lc..ll - r;;;.isc 1.- ~;:::.1 conce'::ltre:. tion te:ll;.:Orf:ll"ily r;.bove g3norcl <:J.VOl'&:"''J• 

fie llc~na tz O;( 1' .i.oh~ tez tG f <:JUlld to Cheo:::: VOl•y Well t~i tlt c:le.::,l;:;;:.• ex;;cril::i;:mtc. 
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tis report caTers t.t.to tollOWi»g trials& 

j'! 1 3' l i .. , 6 .. t 6 I 7 I 8 

R of arer._oe 1 COP .24G :s a OaP .27551 001? I 0~ I OaP I OOP ' QCP 1 QCP ! 
11 

I :!670 I 3370 I ;Jgg3 I 402.1. I 4&6£ 1426f: 1 

&m.upl.e ct G .. ~. o. ooJ.oulation • conoent.ratl.on u volU&lXJ ~ air contain!q; l TOltane of phosagane. (~ed to 11€•/l.) 

lfmlber 3 ahliOti. Shell 1fotaJ. soetor (ntiDb•l ttc:c .ett.<>....r zero at Whioh 8rntr>lc-s abarsts •time ot ct sampl1DS I :um:r.: Sial.t&m tn a shoot p<>si Uons in • a'a>" I 4 1 45" I 6 16" e• a trench • bra.§gh ' ! ' I I ' I J 0.3397 ' 0.192) • 0.6308 :1 (m.e:rx;S 1 (1- 8) I zdl I 2.45~3 • * a.sw I o.qooe I I 
I 1.104 &1.2.617 ' 1.4:72 , a 0,1162 I I 2 (Ci - 16) • 1.4n t 4.64~· 0, 3.),2~ · I 0,58.38 &l(46..er) 9 10" I 1.766 I . I g. ?..JS , . a 
I 0.147.2 I Oe 2S44: ' o.:ruv5 I I 25 (17- 23) I 0.4416 • I 0,§888 al (25. i134 ) 
I 0.8832 I 0,8832 I I I ' t U·MPO • I Oe8832 a o.s"l~s C.6'i'S~ • O,M.l6 • I 4 (al- 29) I I 3.3%9 Oe630S I I ' ' 0.?;)9 I 



.. 
~ 
) 

;i.' •blo 2 COri•f1l.nt1Jt:t p.l;V'-)lOh[;i!~~:tl ~m1 oJ,em.loal dntn tot> 8 pho~r,-one artlllocy ohoots, Conoontr.ntlns 1!'1 r_,..,. 
:,<Jel)ft;dJln 1 ; ~·r':!trn' cotV!(!~1b>:t~1on aSholl bnrstsc Aotu,':\1 oomtnlties, aootora R.~~~.x:a:ube} L:a:L~t •. :I .. _L.i. I fi dn trgnc-~l~· ! 1 I a I 3 I 4 I v ' 

1 a4'~:SO"•l,9;~oa:>.cv:o a:!.~l14s 1 1Xl20.0727) · 1 3D a 3D 1 2 D I I 
-.-- .. I I 

I .. _j~~--J~: _ _~:>.l!)11~,2{J0 1:1_tfil_0, • ... .,.,. , ., ., , y ,. , y « , I 
2 1 I r 1 1 aX(36e9(1) I t tl - I 

~'\ a9t(1t al.92 tX..~.'7G a:n.04al.077 I a:-5~~.6~~! 1 1 D 1 1 l) 1 1 1.0. a 2 a.o. I 
J t I I 

1 
~ cG'l0"aO,l7'la0,10.'! ao.c:;;;,xo,wsao.o7:3uaX(26,9) ' 1 uu , 1 tJ.o. a 1 D I 

I ... 
I 

t _ -~L --~'--------L ___ & __ ,- _t _ _ __ t~lll .. Q.1L ___ t___ t 2 U-!1 ____ ..&. 5 :2'113" al.l0,1.ao.o:_il5so.t;~>lai~l).-rj{Ji, ----- -,JX(27eS) 1 2 UlJ 1 2 LtJJ 

I -
_t I I • _a I _1,_ I I I 4 .lfl:• I 

S all1 W ;0.·1.02t2elO:S 10e!i!2:0,o::HJ 10,055 1n11 1 1 1> 1 2 D 1 1 l) - 1 1 SeOe 13 UlJ 
I t I I t I I 7 ,:~t4(r a01 14~/a2.1C'.n :2.1;!/.J:O.lL:o ,0.901 an11 : I I I I o s ::J• LW :O.llO:o.~mo •2• :~4al.~~<>2 • 

-. -j,-all,_ll hm•:•t; L"-:Uli!'li.Lla r..ill(d t1H.l'll'lfr shoot c •''• Cotlil'_:i1tt>:ttlon:J cc~lonl::.tc<J 'b:1 F.'l!'thod 1. 
Ct-ouptaof. rc:mlta rl'Ot:l f"').l!·l'i XJnta -

• 2 !l.C • 

1 S..Oe ll s,o, 

a 1 d.o. • 
~ I 

oo-sualt1e• fi.J¥1 an.lmt:l.la not 

l u inl_y d ~~-tim 1>Uh oomn oovot•o onmultlos, bnt no ll{;ht o:.umn.ltlon or unat~eoto~. II. U·1n]3 eove1>o oeow·ltioa tt)~;othol• with a tow <'lut\tho on tho om hr.n:1• a.nd somo light OMlt~lt1oB or unafi'COt 
on thn otho:r h~mtle 

III it·l?ll.;,r lt;}lt c:!~u· H1oo ..... n-1 n;z:l.fi'oote<1, \':ith oo~ro oovnro oomw.lt.1on but no cLr-1tho, 
:31:·~~~!1S.l':\l' of l'\.1ml.lt::J by r~r.mrr3 -
t:r•)Hp D~s·th~ 
I 
ll 
III 

2G 
4 
() 

3ovorc on~~lt1es 
8 
6 
4 

Llc;ht Oo"\mw.lt !ee• or u···ntf'eotoc! 
0 
2 
12 



~ .... 

Tr-.11111 :-! Bt.JJ.:.Jr~ttl· tc,r1 .y .,r·xf!~. 6• 1n ·!·•I .4.• L 
l1r>.oi' tTi:.J{; *--..:~tJ:!l:.!.t:..J.:.f!.!~l.t 1' • tion .ailholl 
Hhoot a a almrata 1n 1 
~· == m tJ. •. ..!m:r .. !_c, ~...... I 4 41 6 1 tronoh 1 1 1 2 1 3 t 4 t 6 

1 :4':30 11 '2e944 I ;-s.&a I :Jelf>4 I I '(20e0'127).2})1 3 J) I 3 D I 2 D I I 
t I I I I I I ~127-~l I 

2a4•a~ .~-s.:~9Y , 2.t!llil.• ~'1!1r~ , , , n11 1 3 n 
t I t J I I a(36,8(1)) I I I I I 

3 a9't11 al,lG2 a 3,154 1 1,336 al.003 1 a3(t6,!)(.2)) 1 1 D , 1 D I 1 S,O.t2 SaO, 1 
I t t I ' I I I ( 2£3.4( 3)) _I I I 

4 t61 1(i' &0,147 t O,<!G!..i I 0,7.56 alel94 I I (26,9.) I 1 U1J tl H,C. I 1 D 1.1. JJ I 
_I I I ! I I ag(ll,m1\)) I 12 ¥& I 1 S,Q,el S.C. I l 

5 12'10" a1,4•12 I 0,:.3113 I 0,509 t0e509 I 11(27,94)) I 2 UJ1 12 UJJ-. I - - -
1 I I _ ---~ _ _ l __ __ _ __ I. 

t; :11'0" a3a397 1 1.040 t 0,4a1 t0e059 &0,0()3 I nil I 
I I ___ __ I I I I I_ I __ _I 

13 L&U 
. I 

~ 

7 a2'4()!' &1,76G 1 l,?f16 I l,t;2r, &2,760 a0,960 1 nil I 1 a,O, 12]) 
_ t _ I I I_ __ _ I __(__ I I I 

tl a.o •. , 

' e ,:;-•Ba\ ,o.azl ,-o.::>:;~J-~--i!~:~o-o- ,-1.-162- , - , lia;s6f2)) a 2 U:U al D 2 s.g.tl s.c. 1 
I I I I I 12 I 

:.1.:1. it,JJ:JhOl'S in h:rucl~t>t!J arn nootor-nnmllo1·s. D-animals killed durill(~ ahoota s.c.-aevero caBUOltiesa 
I.t:U-lir~ht caml'!lt1ea :::.nr1 nni•rnla not L'"nSBElde ·· 

Ctmln~rry of. rcmtlts. (';TOttpc(1, 
G:ronp Dmlths Snvur(: oo.qn.:ll ttea Ue;bt Q:.'Hny,tltlgs eno wtatfegte4 I :1 

1 21 7 0 '· 
11 a 8 2 

!II 1 6 l2 
~. ~ 

::.1uo plott~v1 roaults -

Oonoln.tJion~-
1. [Hose <..-oncor(la.noe lJotr:ovn oh.cm1on.l and phyn1olog1oal data. 
2, Inuiotltlve of rol1.ab1l1ty of ~~:ethods-tiold o~orirmnta in ogreormnt with oht'lr.lber exporlmente. 
3. n)thod oi' onlrm.lnt1nr; G.1 .c:. relit:\ble• ITI9thod 1 more aoouratee 
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' 
T ..... . ~. -.-~ -··~ ... .. 

,. ! •• t 
. '---1'-· . 

}, ,& .. . • « et 

f - zero tii'Jt) taken trom. lral:'st o:f t1rat sh.ell. 
• - Ir..dicw.taa direct hit ln sector of trench at time stated. 

General average conoentrat1ou tor pe~1od ot shoot· ~oULated and stated 
tgr eeQh oggtgr., 

Sector a • ..;.. c. 
'ti.lk. 

Shall burst's not 
1oolw!etd in G •·' •i 

1\>tn.l. time 
psi1od of shoot 

1 
2 
3 

• 
hblo lio. 1 

1.920 
2.7GO 
1.040 
1.07'1 

26.8166 '11{;./1. 
46.4M. " 
25,97M '! 9'0" 

11 I 2 I§ If 5 I 6 I 7 6 
I 11 I I I I I I 

Ool1bre 
Data 

a4.5" 14.5" 14.5" a6" a4,5" a4,5" a4,5" a4,5" 
12ept.24a0ct. 14 IJ:::Jnt. 4 1 aJa:n. 12,• b, 9aHar,. 15tbe41 1...A.:Pr,s 
I l917 I 1917 I 1918 I 19l8 I 1918 l 1918 11§10 11918 

liaterenoe ao.o.P. 10.0.P. 
I al6:5 I 27~ 

Dated a Oct. 2, elrov, 11 
I 191'1 I 191? 

i'Ue No. aXLII,291:t.LII,M 
Sholl ti'Pe • c.r. 1 c. I. 

I liJr., V 1Kk. X 
Bm-ster 1.21 dr. 1 C. 1.0, 

I tr O't7l I (a) 
llo. rounds 1 38 12 
Front y.::rds I 30 I 50 
fiz::JO ~n 14 1 00" a4•0" 
Bango ymods al750. al750 
~~~ra~JXe0 1 1 

\'713t b'tll.b 1£C.B a43.5 
dry " 15& 144 
gr OUI:l.C. I 50 I $, 5 

t'in:t vel.oci tya1-~ .H)-1 
oo'"'-dtiorw aolc.::..r ah'I.:L'lid 

ao..o • .P. 
I ~670 

alan. 31 
I 1918 
aX.Ul 14i 
I C. I, 
aKlc. X 
I 0,1,0. 
1 (a) 
I 58 
140 
a9'0" 
I 1750 
I 
• 3l.,5 
I 32.5 
I 30.5 
I 7-4 
&Cloudy 

au.c..2. ac.o.P. 1C..o,p, ao.o.P.aO...C.P. 
I ~7U I 3~3 I 40Zl. t 4262 I 4262 
1J~ 30 1 tl!ar, 4,aA.pr, &,llW.y 2,aJ.pr, a., 
' 1918 
a.X.Ul ,.u 
10.1. 
Ilk. X 
10 (b) 
I 

' u 
140 
111'0" 
• 4000 
I 
I 37 
a :sa 

135 
I 7-4 
1 clourzy 

I 1918 I 1918 I 1918 I 1918 
aXLII 153a~I164& I 

I C. I, I C. I. I U. le IIJ. 1. 
allk. X alk. X &ltk. X aUk. X 
11 smoke 1 C. I. C. I C. I. C. I C.. I • C. 
I pellet a (a) a (a) 1 (o.) 
I 61 I 69 I 50 I .5J 
I (0 I 40 140 I (0 

a6'lO" 1 2•1B" 12140" a2 150" 
I 1'WO I 1750. I ~17501 1750 
I I I 

I 40 I I 4.5 I 49 I . ?4: 
I 43 J 47 I 54 I 40 
I 56 I 4S I 50 I 44 
I 3-1 t 6•0 I 4 I 6-G 
&b1'1.1C a:~bl\t: s .. ~cl :ucy:o1ouc.:1;r 

- 132 -



{ ..... ,... ·~ :-: ' 
'-~ ... ._. i 

I 

.u. o.c.P. %16/ (o.w. c. ?S ). 

llc_port on t1r~ trial qt 4..5" .cast iron ho'ri t.zer shall 
:tilled w1 th .Phosgene. 

a.. &fathoda 

flnp - October 14• 1917 - ••60 P • .U. 

;4rt1lll)TX& 

1fD.p r~e - 1750 Fda • Front o~ecl ZO J'S.Z'U 
lU'tective area SOx:!O Fds • iOlmds tired '2 
llolmda 1n ef'feot1ve area 27 

" " " " f".rom r~e table 29 
Rllte at tire ... battery--tire & aeoODda 
f.foe talmn tf"l- f ii"e all· !"''tml:!a - .& mlnutes 

&l:ramoter • 29.46 lnchOs 
fhsrmomoter, wt bulb ... 43.~. 

dry " -· "-4.o0 r. 
tratmcl - a). 6<7. 

W1nd - Nart!l.,ll~th E3S t-Ncrth,Nortll West 
veloei ty 0.1 miles per hour 'With p$.!"1od. ot 
()()t),~)lQ te ca.lm. 

Stcy - lllna.,cJ.oUdy 
:Rninto.ll • nil. duriDG experimantal. o. 01 inohas dur~ 

pl"(JV1 Ot1S :M- hours. 
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Ot Field Reault11 

J:etecte4 12:>0 yarda South East o.t t;rfJllOhos bJ G.1lar and paper. .. 400 " ~~tll a " " II " " .Poai tlon fime a:ttcr .fi)ig'ht above ' - Qsuu~!nltto ~ 2llA :lumber 'b't:lra t o£ ~loor ot l%;e/ll ~e.t' V01lll8 ot all" (saG or1• t1:rst sh9~1 trench at phosgene, contain!~ <rB ginal re- when aan:p1.& which sam- TOl't'ID!J ot phos- ! port wo.s taken ple was taken gone both at Min. Boo. i't. Inches w. ;c. 
6 1 0 • 0 4.12 1100 5 " " 1 8 5.0lt 8'i6 i '! '! ' 0 4.48 826 
l..2 t' .. " " 4,69 965 " 18 f! !! ' !.' o.u 16~0 4 % Q It ~" 5.27 EIS9 8 " " ~ !! .. 13.16 344 10 " " " '.' 10.59 420 u '.' ~ '! !! 6,06 '147 13 !! !! '.' '! 5. '14 769 14 !! t:t 1 8 trace -1? " " 4 0 1.21 3740 2 2 50 " " 2.30 1970 4 " 

., 
'! " 1.66 274{) 7 " " " n 5.92 765 ' '! !' 1 8 22.01 206 l4 .. " 4 0 10. '16 420 16 ':' t' " " trace l z 4:5 ~ tl o.oa 66600 1 " " 1 a 4,50 1010 3 1'1 (9 4 0 1,77 2560 ' ~ !' n "" 4,24 lu7o l..5 If " '! . '! 4.2~ l070 19 " II " " e.m 648 ZJ dt;:.;'O';..!t tf ll l e ciJove 1i:r:J.OO 

fLor of 
cl~ot:Lt 

2l " " tf l 6 .. @,48 149 



p cx;i t ion lio. 
G :JUts used 

In tench ' In dllgO'Ut 1 
In o2on at 
fiO yorda 4. 
In open at 
100 yards 3 

4. Tw::igolpglAAl Heaultpr 

.&rrDJ::t~ement ct amm.la. ah.Oln1 in cUO{P!'Jllll - MO Ol'ig1nal report. 
' 

OasWJlttes 
Dead .Severa lright 
1n 'claos Ola.aa 
48 .bra. .A or B 0 

9 0 0 
1 0 0 

0 0 8 

0 0 .2 

Poz:gc n :t;a¢n B.enar ka 
Dead Sev9re 

100 
100 

casual 'U e s 
1nelud1~. 
dea~hl 

100 
lOo 

0t j :rats 9 d.ied 
Ono rat died 

Ot 5 rata 5 died 

0 0 ot 8 rats nono died 
or tho 10 dead anhmls, 9 clied within 16 ho-urs and tho oUJ.ar aoon a.rte.nmrds. Great.:3r lUJnidity of atmiopbore my callSe d.eo.om..:;>oa1t1on ot ph~ogena. so tll.tlt the sphero o£ loth3l tr&Tel 1.3 roetriotod. 

Concontr~tion hiGher than 1n o.c.,p. &163. rna f'ig'Ure l/149 in dllo"'""ut at 5 clnutes-4!j soconclD 1s highest yot reoord.od.. 
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Do:3 riptiou 

Report on :C1r1~ tr1~ of 6" O.I, hoWitzer aboll tilled 

a. J(Qthoda 

f1me - sa.turda7, Jul.J 27, 1918 • saoo· P•L 
I 

~tillory Dfttailaa 

:lo. 6" how1 tzer 'QS&d •2 
T3,PG C. I. "0" Bo. of L't]ell C. 689 

Burst1IIC al:urge 0 (b); prQpellant charge %d. Ji,C. ~ • 
Fwe 106 UI, Blind shell • 0 
liap :r'lll€8 (Fds) 4000 • t.&rget O:DG&ged 40%40, 
Rounds tired (uclusive ot :r~a) 2l • rato at tire B.F. 16sea; 
fime ialtan to :Ci:ra all :roundS " m1nutoa 2J secondS -
aocurs.oy Yer7 good. 

b. UQtegrolosigql patqa 

Baror.ootar - 29. '16 inches 
~.o!!n10!l!etor, d:ry bJilb- 53'7. 

wet " • 56o-~. 
grotmd - 54°i'. 

Wind - Variable, drift to dead calm. 
81Q' - OWorcaa ~. 
&infall • nil. during eaparimsnt • 0.04 in. during pre­

Yious 24 h01.:1·s. 
Geno:rsl Conditions • v~·ry f:lvor'!:l.bla, ~,;8,7 nnd miet;r after 

wnrm lli't"rnoon - grass very dan:!p from previous 
r:lln. 

f .!'!:Jz:;o:.uc cal C!lla ted fro!J. ll"'t<e IfhO::'~'>(.'n-, v qlu.? 
tJtc.l cW.o:ripP- r.:;, per Volu:;1-;: of air 

l1o. ~_;./liter vol~s o.r· c.ir liter contai.llint..r l 
co.nt:;.1ll1DG 1 volume of phos• 
Vol umc ,Jt phos- ~:o.a. 

S~las OJOnGd l o.:::G lSOOO 0,13 35000 
~ar S<J.WU"a 
15 minutes aft~ 
nd '1or t 2 '5 · i}O 

l 

2 0.04 100000 
3 0,04 lOV'JOO 
4 0,04 l.G:"JVOO 
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----------~--- ---------·---·--·····-.........-- ---~-. ;~~. 

' 4. foxfgqlogiqal Results' . 

Gulr.aea pigs - GIS$ pig on eT8r7 8 ·~• Jarda ln eer1ea tn cage1 4: tee~ a'boft gro1m.d level. 
ltmDber exposed. - 4:9 Jf\'ID.ber killed .• i .. ~Percent killed • 100 
lesuli a.ue to blanket!~ ett'eo~ ol Pl1ossene. 

:rayel ot yopora 
,· 

s;>O yards - trc:xn target - neoesasr7 to wear JDaaka 

J.rt1ll&r7 trenches - 150 _yarda aouth. 

a;) e;oab and ro rat;a tn pos1 ticm. 
14: rata 41ed. 5 goats light oaaualtiea. 

5. i'ord Tan caa:taillil:lg 54 guima pig~ (IW.led - 4: 
(Gassed • 27 

200 Jal"dS t'rCD tszoget - 10 min. 
860 " ( W.rd portion) • ,H lld.:n. 
lethal oon04l'ltration phosge%le ~ min. 
expollJH • be11:1g .t./§0 • ooo. 

• l~W -



~. c. c.~- 21.6. ( 5594) 
Beport ou exper1mants to determine the concontraua:n ot 

gaa. produced in the q;len by tt~ v-plosto~ of 4. 5" hm tsera oa.s t iron 

shell ttl.led wU.h phoabene. 
· · 

fo determtlliO C0:1Centrat1on of phosgone at Taryi~ distances 

troa point or &hell btlra,. 

Jt17 ~. 1918 - 7tl5 p.~ 

isromete - !9.85 lncbes fhermometer - rlr7 bull> - voor. wet " ""' 63°1. groun4 - 69~. 't'ind direction • Sou:thSouth Beat " we loci ty - ls t exposure - &i- mllea per ho'Ur 
' 

2nd " - at .. tt .. 
Slcy'- blue lininf'all - nil. dm"int; exposure or preTioua 24 hou:ra 
Weather - tine 
!XPdlUllSl 'r rro, la 1 shell exploded at rest 1n open. a. lQethodt Observers under eo"fer l.6 7f.ll"d.s down wind tro:n 

potnt of burst, 1mmod1ately after explosion emArged and. took sample tro:m ~~s 

area.st high • 15 yards from point burst1:cc shell,. 
A visible oJ.oud Wal!J forucd which covod quic.ldy d.:r;rrn. v."ind. 

Doubtful whothar a1::; otller th<ri £'1r3t sw.::~'les wer: t:ucc:1 1.::1 nnir: cloud as 

't.'ind. veloa1 ty was rut1mr hi[;h·:ll"• 

~. E~aJ.{;1 .BP'1lllt~H 

' 
O!:lsn:rver $::1!:.;;>le Time at t €:1" 

.Q!Jiaa~e~t~· ~ ~~ga 
lto. NO. OXplOSiOU .t":t;./11 ter Vol'Ul:la o.: air oon• 

or sh~ll at 
pho~gene tZtini:t:'lb one TOlUI:tlet 

'tr.hich s.;..:n:>le 
ot flho sr·ene both 

Y'..S trucQlf 
at Ir11.IS. 

l 
i l .lpp:·oxim:::.tely 5 SE"Ca 0.34 13000 

2 
" 7 " o.38 1.2000 

3 fl 
9 r; 

0!~2 14<>00 

2 4 « 
5 tl 

2.64 
1700 

5 .. 
7 " 0.46 

~~ 

6 "" " 9 
o.~e 

a ? n 
5 fi ... 

2.04 
2200 

8 R 
7 n o.os 

60000 
9 it 9 R 

trnM .. 

...j 



I' 1a OOWtid.er.& ~' OOilA3Gilira ti 0%1. •hDn. 'bJ • and 7 

are representaUOZI. of -.J.a cl01ld. 

IXfW Wl'l JO, Il. · .. , 

... ~nc'a a shella in lb.e a.t l:lt:arvala ot 1 7ard. 

in open and e:z:plodl9d air.nl t~usl7• 

• 1:1AJ.4 &:aa:alaa 
Obsener Bample 1>11\anoe BIDe ot baii~l;IK&liPU 

· llurtlber llumbor tram point explos10J1 JJg./litsr Y ollPO ot air con-

or 'btll'St at abell at :pbDsgem tainil:Jg ODe TOl.,., 

fl. ahell · whioh AUJple ot phosgene both 

7•• wu t3keD. at L! • .P. 

Seoc:m.da 

1 15 7flrda .A;pJ?Z"'%1&:s\el7 () o.os EOOOO 

1 2 • • 'I 3.6? l%00 

s '! " ' 0.97 4700 
) 

f.; !! '! I 1.69 .2'100 

la • '! '! ., ~28 ~00 

I II 
., i L&Q UQQ 

'I '! ~ ·& •• 60 1000 

• tt t' 7 1.66 1700 

I " 
n I r..~ 11100 

:1 ::! 

10 Z5 ~ 11 1.04. 4400 

z 11 " !! 1.5 0.95 .f..SOO 

13 '! 
,. lP Q,T% 1009 
) 

l$ '! '! 11 l.Zl Z5S)() 

E.& u '! '! lZ l.Zl S'IOO 
- 1a " !' l§ 0.81 6QQQ 

{·"'· 
, 

16 ~ t' u 1.91 uno 
%b 1'1 ~ !:" 13 1.64 2900 

1§ !' " 15 0.6§ 7000 
) 

19 ~~ ':t 25 Z.<l9 1800 
._.., 

20 !! '! '2!1 2.16 %1.00 

Zl tt " ~ ~.~ 6!~ 

22 !! ':' a; 2.53 1000 

.23 '! !! 2'1 1.43 $200 

~ " '! ~ 6.2A i:2QQ 

25 ~ !!' 25 1,60 2.800 

1!6 1.! " 27 1.48 SlOO 

~ ~ !' ~ la~ 3200 

.. ~·-



4. Bemr:;z! I 

ll11RS.nat!.l1t; ~la +1o. 1 WhiCh 1I'U obY1o~l1 ou' ot 

gpr;ql p;nq;a 9smgqptrat1op 

· JJ.aM- crs./1. 
1.2i88 • 
1.7&6 ., 

lU.ghes t Oancentt& ti a 
t' Baa 41115" 

•• 41.6 Jtg./1. 
a.ea • 
Lt81 ~ 

.t. ~re ono 4.~· llawi 'zer eu' trcm - oon~ntrAtlon 1/aJOO at a ~e.s, l.a>S JlfS•/1• ~. ·. 

11. ~ret three 4.5" howit.nr =st 1rou • oanoontration l/1000, l/l%00, 1/1800, etc., cJistanco 15, 2»., 60 )'WU., .a..ru, 5.68 &2ld L4t53 'tllg./1. 
01:mez"al l\T~l"8e,""' oon.ocnt£at1on • l/19YJ, J./'64001 1/25001 2. 52.1, 1.%988 a!'ld 1. f66 ;;g./1. 
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leport on u:periDlnta -wt th o.a. ~~s· l:t.ow1tae# IIIJ.ell 
llark: I• filled phosgene. 

· · · .. · 

f1me ~ fiZing • J.pr-U 251 191'1 - falO R.L 
4RTILL~RX Dii'thlLSJ 

10 shells f1U.4. with f18 electric tlulea, 2 raws - 01:1e 
10 Jf.\J'cls• 2z24 U JU>da trOll venoh ab.elle, z ,.ardt apart 1n each :ra-. 

Position 

Jfo. 1 tailed. t.o ~lo<kt. 

1». KotfiorglggineJ Days 
krome~- zc.zo S.nohea · !beJ"mmCCI tar .... t blll'b ~ 4.5i !S~. 

4r7 • - 51.5 '· Wind 4il"ocUon • Bortll. kat " Yelooit7 - 6 Edlea per hoar Slq - clear • 'blzle li.atn:t'al1 - IU d-ari:q:: exper•n1; or dar'J.ng pl"eT10"a8 twent7 hours. 

o. 11e1d Remu1t•t 

liumber 
f Oongentrp;t1QM (aee cr1• %•/11 tor Vol'Dme of air con billing 

gino.l <Ua• 
one Tol'U%De phosgene both at 

SMl 
J.T.P. I 1 

2 
3 

' 5 

0.24 
·~8900 11.31 

400 15.97 
m7 .20.84 

' 217 .Bottle brOken by shellsplintera. 
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.··" ' ··' 

Pos1 tion time ~to:' Bltlgb. \ aW're 0onM~n:i$i~JUI j limber explosion bott'cm ot JJe./11 t.er .. To1111e of &11' oonta.111T (aee o:r1- ot &hell trench at 1l:lg ODe TOlUDe }\hoage.ne giD&l Which auple both at .:a. f.l>t. report ........ D.. 
ctingrma.) Ub, !a: rt. l:nallSit 

1 lD .fa ' ·trace 1 15 I ' " .. 1 10 I 6 ! • 1 zo 1 6 ~ -1 46 1 8 o.~ ISOOOO 1 1 0 1 a o.oa 66600 1 l 15 • " tHee -1 1 m .. " llil. , 0 

2 10 ' ' ..• ,. 
'121 I 15 s ' 2.94 1540 I %0 z 6 1.65 292.0 .e liD 1 6 0.90 60S> a 45 1 8 o.m. 14600 a 1 0 1 8 O.il 4980 2 1 1.5 " ~ O.ZI.J l6200 2 ' rtJ • " Q.l§ ;L~Q 

I Ill 3 10 " ' 16.83 269 $ 15 3 6 l8.2J:) .&l9 I 00 2 6 U.40 f/J't a zo 1 6 6.~7 m a 4,5 1 8 o.sz M.200 8 1 0 .. " 0.4:7 tiS) :; 1 15 '.! !? O.UJ 1-1200 I 1 222 !' " Qai:i l§iQQ ~ 4 lO • ' 11.16 4.06 " 15 a 6 1.2.07 :575 " 20 2 & U.'IZ. Z56 4 5) 1 6 11.31 400 4 4.5 l 8 7.10 638 4 1 0 " H 0.75 6040 4 1 lD .. ~ 0,31 14600 i 1 :22 ff ., 
o.g7 l68QO I 6 10 4 6 3. 67 ll70 5 15 3 6 6.22" 7ZS 5 %0 2 6 4.58 V58 5 250 l 6 15.33 .295 6 4r5 1 8 4.77 ' 949 5 1 0 If " 1.25 3620 6 1 15 !.' !.' o.sa 5140 I 1 30 r! " tz:ace 

.- 14.2 -



$6 

. ·. __ .. 

lOUIU .Z&££1 l US£ az cca :a a a 

Position !!me after lfeic;ht &boTe -./11\81' · Volume ot air oonto..i~ Jlumbel" eXploeion bottcat ot :phoag_ene · 1.ng one TOl'ame phosgene lll;gl §!c! 1z'I!:&SlA -~ ¥1 :f&ll so 1 t t. 8 J.D. abOft o.~a •,1 -•• 56&00 1" •·· · tloor leTel ot m-ac. -1 so 4ugou t c.apaoi t:v O.li ~3800 a Z50 1.272 oub1o tee' vace a S> tlocr ot 11.1«00.' " -' &J n t,.a 1n,bel011' o.oe 56:.600 6 2 s:;:~tm4 ;t:aal. Q.gg ~66QQ 

l. Cbnoentrat1011 in trench high for S>-4..15 aeoo'Dda -'then J"ap1d. f 1.11 ltll"priaing low. · 

!. lY$&1)llabK point tha~ phoagene oan be liberated tr<.D. explosion of caet 1ron art1llel"7 abell ln a'Wlh a l':JitJmel" as -o link into. f.'l"tnoh. .ProbablJ ooncentrat1on oould not be as great in actual arUlle17 t11"e. 

~1al ot the eft eot in animla in trench 1>7 4. & " how1 tser cast iron shell, tilled vn th phosgene when tired trom su;n. 
.. lfothoda 

~ Of' trial - Wedllesda.y, . ./Jpl'U 25t 1917 • 8800 P.M. 
Artillery d9tallaa 

llo.and type ot gUJl8 • 'l'wo 4, 5" how1 tsrer Average Weight O! shell 54 lbs, 6 OSIIh Propellant charge - lst charge Fuse 44 li;.:rk III - ll 
lll1:nd shell • l 
l!urstizc oharge - 5 drams trot;yle .. lWp rarl8'8 l '150 yo.rda .. tront tll(lag"ed m prda Etteot1Ve area 20 X &0 Jards • rounds ~ired £5 Bo'\'mds 1n e!teot1Te area l~ - rate or fire 3 round.a -8 • .1?. 2 seconds with pauses ' ~ trucen to tire all rounds ""4 minutes .A.eot11"ac;r ot lilhootlzu - good 

- 143-



Goata 
Rebb.lia 
Ita ta or llioe 

b. Keteqrol Ogigil Da.taa 

!ar0211Qter - :!O.l t.nob... · tho:.rmomatez - w-t bUlb • 4.6°r. . : ' · 
4r7 " · - 49. ?Of• · Wind Yeloo1tt • 6-10 miles per ham' 

M direction - Uor\Q Bae' Sk;y - Overoaa ~ 
llalntall - RS.l ch1r1~ e&poa'QZ'G 4 F«1oaa M hoa:.ra. 
0. !Q5igglpgtgol Barp+t•• (8• 41agre ln orip:a.al :repCR't). 

lilt. in Dead De&4 »184. total Paroen.tage '"DOh within Y1~ w.t th1D. dead ctsa4 24 hgye g hour• Tlh'ff* 

' • - - I 18 ' - .. 0 0 8 4r i. l .. 6 71 
d. hJnaril& 

14M. "Dllsta«ty • sat :pari Telooi ''I IIi let I>t'l' how fl'equem cuata elO mUoa per holll' 011 10 ~4. trflCI1t • !5 • '•5" howit•r thell are req'Dired.-eaah ht1ldlng H4. ocs. ot liqttict. 
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. ·~ ..-" .. 

a. o.o • .P. ~6. ( 4~ c:::) 
RepQI'i Ql'1 t1r1qr trial• of 4, 0" houri t•r 0.1. DW"'.!c X 

aheU t1lle4 w1lh phosgene. .. . '·' 
: t ·' 

to a tadJ' etteota w1 th 1 ower W1Dd Tel oo1 ty • oonp8l'Q 
re .(X)rt 4021. P:reTi0'\18 rotul. ta h&d lhown 1ihat etteota prOduced were 
onl7 tUght at til! a 'f0l,oo1 '7• 

b. Mothod& · 

AftlllftlT potailsa 

Jio. ~ .... 5" howit.-a 1Uie4 
a;p. ot lhell 
llap range - J&Z'da 
Front qag&d • J'&l'41 
itteot1n area 
Raa.nds tired (rat~g ea :tW:l t 1ncl udi.d) 
ll01D1ds 1n ettao1i1Te area 
.Pred1o~4. d1 \to 
Rate ot t1re 
ftme ~n to tire all r0'12l14.1 
Jireot1an ct tire 
.A.aaaraot ot lhoottng 
Bur at 1 zg charge 

6 
0..1. JLaltlt X 
1150 
40 
40xZK> 

50 
i:1 
M 
g\m tire 
2'.CO" 
e:at'1la4o 
good 
ca.~ (a) 

14 
6 
O.I • lla,n: X 
1750 
40 
40x30 
60 
53 
M 

Seo tton tire 10" 
1150" 
.P.r: ont o.l 
Yo:ry good 
O.LQ. (a) 

Propellant " ·at. 2d 
:i"ase 
Blind ahel1 

o. 

Uo. ot 4.5" Uo.vi t:0%' 
B&romote~ 1nohea 
fhormoma tar dry bulb 

wet " 
ground' 

Wind dir;otion 

?eloc1 t7 
sq 

Meteoroloe:ir.al Dotru 

Rainfall - durl~ e~t)er1ment 
dur1~ previous 24 hours 

General oondi t1 ons 

- 1.ctf\ -

106 itt. UI 
0 

106 lk. III 
0 

13- Apr.5, ljtl8.14- Apr, 8, 1918 

West lm"th West 
mainly . 
4 ' ; 
blue - oloud:y 
nil. 
traoe 
very favorable 

'7&00 P.M. 
29~ 
~ao 
440 
44 
North. North ~ao 
llarth East 
3- 6 
:Bl •;e - cloudy 
nil. 
O. Ol inO~!eS 
favorable 



as !I 2 . I. 

1. ObggyatiQM _tm lf.ranl o( Ph9!ggno hPo:r• 
ltlu 13a 

1'150 ,.rda :trom. U'ono.l:lea - 4.e~eote4 by ll1gh11 l&..ahr~Uon and tea~ papel' (banle4 paper ;yellow) • 
2300 prdl tram treno.hss ... 11!11 t betond which not d.Gteotecl •. 
ki•l lit 

wo ,.ardJI from trenohoa - tl'aoes deteo~d b7 amell • 120 indication on paper. 
" 

See crig1nal report tor arrangeunent of animal.:. 

Position 

In ttench 
In opon at 
60 :;arda 
I:l opon a• 
'l'5 yerda 
In open at 
100 ;rdl'ds 

In trench 
In dugout 
In open nt 
5'J yards 
ln or>en at 
76 r...rd.s 
In O"J:len at 
lOO yards 

In tronoh. 
In open at 
60 yuds 
In open at 

I~ Wegsat 
100 ya;rd.z 

frill 131 Goatga .'' 
lo. ot Ca4 m t1 es goa ia Pead 1n Severe 
wed 48 houra Olaas 

AcrJ 

8 ' " 8 0 1 

• 0 0 

a 0 0 

2:titlll 1! Qgi~ll 
7 l 4 1 0 0 
4 0 0 

" 0 0 

~ 0 0 

flJ.a~ :L~ ~:t;u e 'I 0 
2 1 1 

~ 0 0 
1 0 0 

Light 
Cla.aa 

0 

0 
l 

0 

1 

! 
0 
2 

1 

l 

1 
0 

a 
1 
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Dead. SovoJ'e 

50 
0 

0 

0 

14 
0 
0 

0 

0 

67 
50 

0 

0 

oaeual ties 
1na1Ud1~ 

100 
S!D 

0 

0 

'11 
0 
0 

0 

0 

67 
100 

0 

0 

4 



:Jiiiiiitti(iliiiiiiifJW-J.UJU£4azz u: a . SAe.:wz ;;;; 2 : c. c . .• , eo 

Mal B· li . ,.,. 
?oat u011 lio. or , 9Mw1'to' rorgqnwo• 

coati. l)&a4 ln hvere l4sh' :Dead Seve.re 
11aad 4-8 hour a Clue Ol..Us Ga8Ual tlaa . 

.A. or-B 0 1DOludi~ 

t' d!a4 

1n \nnoh 'I 6 0 1 • 86 

1n open a. 50 :rar:da 15 a 1 a· 40 60 

"""715 tt ' 1 1 I .U 150 

.,. • tt10Q '! e ' o a u m 
J • .B ... 111. 'rial 11, 4t~a to aUght Wind change nora tha' preTai11Jlc When 

ant•la "ere plaoed 1n pod Uon the •Jor1 '7 ln open were not 1n d1rec t 

path or \he ol0114. · 

•• l!io14 loaultll 

Poal tion !l.mo attar Jleiaht &bon llg./11~ Vo1\1Q:t ot l.lqu14 

:m:z:n 'be.r er.plosimt. floor ot venah phoagene air oo.n- tlll~ 

,... Grip• ot tir•t nat Whioh latp1t ~niqr f!"agam 
nal 41agr• ehell a' .... talcan one TOl• n eo .. 

Yhich ·--
tuDe phoe• per ou'bi.o 

pla waa 
·~ 

B0D.e bOth JDQ-.r ot 
taltan at JI, ;,p, aepla 

:Is 
Kin. Seo. ''· lnch.el 

1 20 ' 0 'tl:raoe 
3 " 1 8 " -
' l' ' 0 o.aa 20000 o.lM. 

1.2 '! " " traaa -
16 I! " !' Z.78 la>O L640 
19 " 1 8 1.28 1700 0.859 ., 

BZ l' ' o· _14.18 '· &m 1.860 
• !.' 1 s: 1.28 3600 0.8'13 

I ~ .·1 ~ ,.~ - -.25000 0.140 
8 " • 0 4.'f6 1000 a.sM 

17 " " " nil. .. -
18 i 8 1.69 2~8 1.180 
20 if 0 5,13 3.680 
~ " l 8 1.56 2900 1.110 m " t 0 f:6f 1600 2.040 
'ZI " 

., 
4300 0.740 

6 1 ~ " H 0.53 9000 0.370 

J n " It " " " 1 a t6i lZOO 2.507 

15 " " ' 0 
'12 U>oo 3..296 

19 B1l. -tf " II If o.os 
f2 If " If " 

600000 0.056 
a) " It 1 8 

o.sa a>oo 0.615 
4 2 .,o . 0.86 6000 0.615 • 0 0.55 
8 . " " l 

eooo 0.405 
10 " tf 

B 1.55 2900 1.082 

I: " 
4 0 2.1 '1 2100 1.516 

" l 
tt t1 

e 1.89 MOO 1.3ro 
4 0 1.60 2600 l.llB 
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PoeiUon 
nlrJI'b&Jt 
&tJe or1g1• 
ml 

. d1ag1"Ul 

16 
18 
11 
21 
26 
ts dngout 
19 

S.otor 

1 
2 
I 
... 
a 

" 

... , ..... 

f:t.lN ~t.er Boigh' &bOn Jts./l1tel" To11m11 ot ail' ex:plOaiOD tlOOl" ot· oonta1~ of tirat _.enCih &11 ODe TOl~ lhell at whio~J e&qlle ;pb.oagtiUt )oth 1lh1ch l&m- 11"&1 taken a' J.t.P. ple waa 
1!!§en 
J4.tl1. eeo. Jleet lnchel 

I o&o 1 8 1111. 
" If 

" 0 tl'B.O$ .. '! !.' " " o.at 8000 ! '.! 1 8 o.~& 8:>00 !! !! • 0 o.u 8)000 1.,1 !! 1 8 nil, ... t'" ~ • • " • 

Samples General .Average Cbnoentra.Uou - Vol'l.tmeB Rumbera 

1-fr 
5-11 

1.2•20 
.21-26 
2&-.27 

ot air oon,atnine one 
li~~ IS l;;a ~! 

moo• 
21QO 
1800 
2800 
~00 

Yolume ot phos&e~ 

U.qui4 
t1U1J18 
photgene 
1D a-. 
per cntblo 
.seteJ> ot 
J!!DR~I 

-• 
0.&91 
0.391 
O.lN --

fJ.IIe ot 
ahO~ 

•-5bell bur1t Tcry oloae to 't;J'enoh at end ot 1hoo~ Wbio.h ma1 have given high late oonoentra.t1on. G.A..O. !or W!'lole period- ~oo. 
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.P~1 tiou 
hmber 
(see ori• 
pnal 
report 
S!tQ1m 

6 
10 
u 
.us 
10 
m. 
f' 
17 

l9 
ll 
m zr. 
itt· 
I· 

f e 
1.2 
16 

fi r 
'I 
15 u 
18 
25 
23 
~ 
29 
:30 Shol tar 
31 ~~t 

d.~ out 
32 ~elter 

,~~ ....... out 
12 ~~ 
24 

time at~ 
apl)aion 
tst ti.l'st 
lhol1 dlen 
18J11plewu 

taken am: seo. 

1 .. 
" " " " .. 
" " It 

~ 
" If .. 
" " it 

" " 
" " .. 
ft 

" " ft 

" " 
" 

26 .. 
'! 
!! 
'! 

" ftft 

.tO ,.. 
" II 
ft 
ft 

" " " It 

~ 
" " " " ... 
" .. 
F.' 
" t 
" tt ,, 
ft 

" " 
H 

Jbigh' aboTG 
floor ot 
tr-enob. at 
cu. oh .l&l'!J]le 
wu \akan 

rt: Irma 

" 
l ... 
1 
t 
" 
l 
t 
" 1 

' --' 1 
1 
1 
t 
1 

' " 1 
4 
" 1 
4 
1 
4 
" 

" 

0 

" 
8 
0 
8 

~ 
" • ~ 
H 

s 
0 

... 
. -
0 

8 
8 
8 
~ 
8 
0 
" a 
~ 
8 
6 

9. 

" 

Mg./liter Volume ot ur Liquid. till• 
phosgene oonta.tni~ 1 ~ ;phoagex. 

, , TOlWDe phoe- ln OGle per ·cone bo~ at OUblo mete 
JL!r .;. ot tample. 

• 
5000 
1600 
8000 

19000 
0000 uooo -19000 
4400 -800 
2300 
8000 

l.SJOO 
250\X) ... 

(0000 
'17000 

1600 
40000 

lOu.> 
1000 
1:400 
'lJOO -

soooo 
5000 

-0.!87 
o.aM 
O.le.ft 
o.ue 
o.ea 
0.179 -0.168 o.ns -
-0.2'72 

o.la& -

-0.084 
0.182 
2.025 
o.o64 
3.017 
S.3ll 
l. 34:1 
0.476 -

~ 4 0 16.67 .271 U.640 
" It 21..83 ' 207 15.250 • Sar:n,;Jlos taken 50 yards t:rou trench at 1 .ft. ·~ J.nehea a.oovo grou .d level. 
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. ' 

I fr~noh sam .. ·le ~ot GeiXtr Lll. .Ave race O~oontratian Ghell bur. s \ oon~ Seotar n1Zilbore a.~oot ata~d 18 'tOlllll!ea ot air oon- trattou not 1nol'Dd-; in t.U~ one 'f'oltae pho:;~ane ed in eeotor tigarea a;ator 
1 1-8 I JUn .. 40000 , O.U04 141•/le I 9-17 8.) Seo. 4800 .O.i2 .. 2'70 16. 2555 llg./1. a 18-25 1900 £,33& '! 

' 26-29 8600 1.3.)1 'f '! 210 21.08 " 
t~e¢tora .2, 5 11.114 •• "W'hich ahow \be et'teoUYo area OOYered b7 tb.e cloud g1Ye a general averatre oonoongoaUon ot 2!K)o., 1.61.27 ~h/1. 
GGtleral SYerage CO:r::.centra t10D.' tor total pcl'10dl Z800e 1.162 11'1ge/l.. 

1. Wea.t!1or oond1 UCilS • leas ta:vors.ble ln tricl l4 -variable W1na. 
a. Artillery • diaU'ibuUan llotter 1n trial lS tbnn 1A trial 14- because lfcrth.erD end at t4.rge' raoe1Ted JIJDCh leu attent1CIIl1 than Southo.rn ond • llo. ~ 811ellB t'ell lhort. 

'<,. 

~ 0onO<Jntre.t1ons phosgene - not 10 high ln 14. 

4. A.:nh.a] 03sual tieo • hiSh pel'O&nt detitha and aevore oasual U ea • l a call M4 ln trenc.h. 

1. J;. surprise snoot w1 th 60 rou:naa on 4.0 yards at 1 '150 yt.U"ds mn,p rar.e-e ma:y bo expected to r·ender ma.Jor1 t7 ot oooupanto or target e1 thor deaths Cl:" severe cnsu.al t1~a. 

2. Require very a.ocur.o.ts ahOot1.%¥i'and f'eTarable v .. -e:1tiH~r. .uo~t fovornlJle wind. 4 milos pGr b.pur or unoor. 

- l~v-



t • ±±±M4ibiita4s#Miie 

e. Ob»sth 

!'a d:: ~el"!Sl.1:DB wn10h t a ~ 1108 ' aut u.llle m ture ot shell to aGJpl.OJ tor "aurpriM tt BhOO~flt 18 pr. , 4.6 "• ar 6" hwitcen. 

'111nd. Tel oci ty • 4f • 10 rd.lea per hour 
Ground tetpperature • ~ tball air tamporature 

(UD.Ct ~a~tU"e not atuett} 
Weatr..er corull tions - 19nerall7 taYQrable. 
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o. FioM 'l'eqtsa 

no. of euns or 4 4 2 ... s 2 4 3 
hows. uaon 
Typ or rJ1ell c.x. C.I.!! 0.1. o.x. c.x • .l o.t. C.I. C.I. X 
Dnr:3t1n·:: ch.'lr(,."e 11use (C.l..Oe) c (b) :ruee o.x.o. a (b) -JUse c.x.o. 

only (a} 0~ (a) •:IN (a) 
1-noo 106 III 105 Ill 106 lll 106 III 106 III 106 III 106 III 106 IIA 
1.l1p r:ttl."':C 1n yBl'(la 4060 4000 4050 4060 4~0 4050 40eO 40SO 
Tnrt;et en~'f:'e~ 60x60 50JdSO 5o.d0 ISOxfSO 6~0 50%50 &O:zf50 f!Qzl50 
no. Of rtnmdo tired '10 35 1T · 43 %G 10 .. 1a 
Rate of fire JJ.r. B.F'. Bel. 3rd•· B.r. a.g. B.J'. 11.r. 

1 seo. » soo. 10 sec. G.J'. .2 ·BPOe 11 ..,. s • ., •• 3 aeo • 
T1~~ tnkcn to fire 6 min. 4 min. 2 mine 1 min. 1 mine 2 m1D. 2 ldn. 1 m:ta. 
all rou.'ld s 2 seQ• 3 soo. 6'1 eeo. 35 aec. ~ eee. 15 eeo. 20 eeo. &'7 .eo. 

!-A Accurr:.oy of shoortlnct Yery good very good emollont poor Tery good 800<!. nr.r good TeJ7 go~ 
~ '1 

V)l~ of pho~~ne 34.3 ~) .. 3 . 37.3 u • !1 20 u • ., u.s 
• . J 

usod (liter) 

• ' .. # -·· A ~· 
.. 

I '.-



• 
I. ~iQQ},WiQAl lmml.tll 

0Bl1'bre 
can 

ot L1 tres of Qugnl ttew . .Propor Uosl peroentap ot 
pnoaso~ Kttte4 Killed A GaaUpJtieg per 10 litara 
.t"feoti'Vti susod. phooge:oo S;tton lp teob we 

X111o4 Kill e4 ' weed, 
l 18-p'r. J4. K/M M/M 

4.6" 17 .,. t:i./29 
I" 16 mJ~ '='u n 16-pr, ' ZM 

.. IS" 16 i/a5 3/35 
I!' 15 tiM &I!§ 

Ul la-pr. 11 8/.12 8/U 

··6" U.ti 4/A 12/A 
A" 15.0 &1/M m{M 

17 li 
8 U.15 

16 17 
G,l5 10 
1.0 I 
!.8 U.J5 

'·' ao.e 10,a m.o 
fj.O Q/T 

o. \l ~rull.]IJ i $lUI I r~ 

6" howi har.: s~l~ll f'illed pho~one stt~erior to e1 ~her 
18 pr, gun shell or 4.,5" haw11ise:r aholl. tUled pho~pno u::1dor varyi%:8 
oondi ti ono o.t 'tim anJ. wo.::;. t.hor. 



28. O.'iti.C. fil. · ~;.L.?. 14E3. 

Ueo ot ohlorpiorln and ph,osgene mixtwee 1n field 11m and 
ho--'11 1i1!Sel" shell. 

b. 
lC1nd ot No. 1n 
M' me] I trenO!A 
Goa.tc u 
:.B.a.b b1 ts e 
Bet§ 14 

Artillery DotAibl 

Shells • f.S" Howl~.mr, ateel, C.~ 
lfulbeJ' ot lhelll - 60 
11lll~ • Ollor!J1cr1n 75;6 • Phosgene 16~ 
rran~ ougeged - trench, 40 prda trom tOTJt howl tzerl 
.Booster Oh4ree - 16 grams tetr;rl aurrounded 'b7 paraffin wax. 
.... - JTo. 106 
timo ~ tiring • .f, minutes, 53 1eo0Dda 
Shell ~aUtre 1D ettective ar&a ,. 1:8 ~ ot 60 • 

. fprl QQl q:i AAl 1\oaul ts I 
Dead W1 th1n l)ee.d w1 th121 :Dead wi thb total Percent 
llhOJBJ • hour• 72 howp fet4 yad 

9 0 1 lD 71 
4 3 0 'I 87 
li 0 0 li lQQ 

Tvio goats in a d.1:(;out • did mt cllod within 72 houra, although 
1 did et> h.aU a da;! later. 

P.:1.thologic:ll ex:AA&inati an ahov:ed dar~ to." l~a and. bluc.:d, 
o\tf."i"iciant to render entrools 11"aioh live ~1 t tor-physioa.l exerohe. 

o. fiold Rerrg~ta a 

llixtttro docn not t;ive o.dequute s;n~ for ratciDt; pru2ocoo. 

Qr1tio1;mu ~work an goats is revoo.to.d in c.·,!,. c •. 11. !!he 
d:l.tu given hora 1o vor;; meaire, espeoiaily that 
partsJ.llins tc> llk3tcarologioal oond.i t1CilS. &::>ma 
ac:1ditions.l d.ata is given 1n o.; .. c. 71 b:ut ~l~r 
or not this is a:Jpl1ca!JlG to tno w~1olo ·o:..' t!1is 
TlOrK 1 S llD t l:tllO'i',T.e 
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f t 11 qr· ' 

~te;>or~ or tt.r1~ trial• ~ ot 4.5" ho.wt tser ahe·u tilled with. 
phoeeone a:n4 Chlor_p1or1n. , . 

Arl1..m£Us 

Goats 
Rabbits 
.Migo 

No. 

1)111 Ia, II , 

.. Mftthoda 

April zt, lil'f • 6a45 .P.K. 

Art illQfV l)atq,ilfl 

1fanber and t3Pe ot guns 'GSed1 wo 4. ~" how11i.l8:r 
.A"'el"D.@J we1g.ht ot ehell 1 · M lbo. 8 osa. 
Jla1' rl.Ulg81 l?t'IO J&l'd.s• hon't G~o4, .f.O J&rda 
.itt'eoUTO tA.l'ea, 40 'b;r 2K> Jdl• lalm4l tired 70. 
ll.oanda 1n et:teo~1Te area, 4.2. 
Jla.te of tire, 3 rotmd.s B. F. a •acanda 'frl. th pause 
:11m tak:.en to tt..re all rounds, 10 minutes &5 seconds 
.t.oouraay o£ til-e, Tery gOod 
DlreotiQI.l ot fire, eX!.Uid.e 
Barsti~ charge, 6 d:r.:m:~S · !r • .!I.T. 
i"ose 44 11ark Ul s A 
lSlind shall - .I 

b. V.ttQQtOlOi!iMl J)g.taa 

De 

1n 

&lromo ter • 80. 2 inehoa 
'.lhor'l!lOD!tor - we1i bulb • 45, 70Jil •.. 

dry " - 50. 20J/ . 
Wind direotio~ - ~.w.~. 

Taloo1ty - 6 ~oo per hour 
aey • oloUdi~ ovor ai'ter tine day 
Rn.infall - none durin;:; tast, or d:;r1It; previo}W 24 mure 

Toiiooloc1CA1 r~~su1tsa 
De::;.d D~ Do ad 'l'ot:ll .Peroent 

t:rengh m lgss 4-a hra, 72 lJ.tH• dea.d 4end· 
1a 'I 'I 64 
l4 1 - 1 'I 
11 10 - ; 19 91 
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d. f..oiDllts a 

tho reaulta are e.ttl-1bute4. 'o• 

1. LOI.V burstizg charge. f1:Je miXture was not aut:Cioi-

2. B.elaUTe ett1o1enor :tao~or Ill oJ.o\1dB tormec1 fl"om 

tho .:4. 5" 0. .t. lholl, holdi~ 625 oo. and. \he etGEH oon 1iainer holdiq; Hoi oo. 

~-:e oaa' iron ahell 1s not &.a f!tt 1o1er..t as \he ateol oon,atner • 

.Attention 1.8 oallod. to the low mo:rWUy-~ 

fr1A1 lo, 31 

1e Qb:\eota 

fo get furlrun~··~ intormation rego.rdiq; rato ot tUIG• 

be i@thodl 

A.pril tD, 19lf • 8aoo .e,u. 

no. s.nct t:;pa ot guns '\l!led, oru 4.5..." haw1 t.se:r 

A.ver,ozo f."&i.gllt o:r lltl811, M -lbs. tl-o:st.~ • 

.?rop-allant ~e, lot chargo , 
!tlt-sti~, cbArge 1 16 elrama trotyl. 
J&::p r:::nu"'1:! 9 1750 Fds 

Front o~oga~ aJ surds 
E:f'tccti vo orea, ro x 33 yards 
RO'I.mds tixed, 25 
Rounds 1n e£tective ~aa, 13 
Rate of fire, B.~'. m seconds~ 
1.:ii:la to fire c..l.l ro1Zlds, 13 minutes :'A3 seconds 

lhu:Jo • 44 Mara: lll z A 
.Bl.bd Bh.::!ll 1 1 

Direction of r1~e - enfilade 
Ac.:ntrao:,r of tire, Tory L)\JOd.i ~ 
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f, 

A:n11alU Jlo. in 
vengh 

Goata 7 
Ra.bb1tl 7 
M1ao ' 

•• 

' 
Barometer • 80s 2 lnohea , ·. 
~eru"weter - WG't b\'ll'b - 4.6.&0-1. 

4r1 .. - 49.101. 

W~ d1.reaUon- W. (llrlate~) 
Y<31oc1 ,,. • 1 mile a per houzo 

Sk;y, OTel'oas't, rai.ntall, none ctur~ ex.perla)n't, f:IZ 

praviow .M houta. 

goxioglogigal Reggltga 
Dead in Des.4. 1n Dead 1n 1'otal :Poroen' 

it hr!e iS hrSe 12 hl"!• llaed C\@td 

'I .- ' 100 

• 1 ·- 6 n 
7 - - 7 100 

ggQQlJ:i.ai sm.&lll ~' 

13 lilhell tell 1n tht.~ ot'feot1 va arM and 3 Jlara' in a group 

aouth ot e.tteotiTe uea. 1!hese woro o!feotiTe ~came When they blu·1't 

ilw wind had. aJ':I.:lDbed t·o souttmest and the clouds formed. were swep't righ' 

along tlla line 01' the U'eno.h. 

!ho aheU did not gi'fe &.d.cq'tl3te ~ for ra.DG1ll8 purposes. 

!.'he gas apoa::u-aJ. to h.a..Lg. about 'ttlo tronch muoh l1101"e th&n 

1n trial #2 and 15 minutea :.1' ter f 1.r lt~f h:l4 ceased thero was a till a 

dis -cinot hAZe 1n. tho ttenoh;, ,. 

!hts YJEIB tho alm:Qat rata of :rae so rmr tr1ecl &nd ~ve 

t .e beet reou.l ts w1 tu ph·J::;3ane a1ld e:uory'icrin end oru oi' the bast resul ta 

recorded in e.n.y triv.l. 
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• I .. 'f ttt · c·r· ?if% Ph 

i'erds teno:;r at a mtxtur~ ttl pbosgette and ohloropiorin 

11berate4 fr(Jlll ut111or7 abell. 

.. iathodl 

A.rt~.uerx natal 

6ballaa 8teol1 .f..5"1 oontaiDOr 'we 
ilow tU•ed1 F'.a."om :oar hO"l'd. '•er• 
Raz..:e• a&OO 7al'd.l 
fime to :tire all rotmdSt U mimttel 
Oolloott.on ot' S&n:pleaa tiamplee ot ac,c10sphero 

in the WOOdat all.d in the orent where COD­

oentra,10D8 at Chea:d.calu were bl(;he•'• 

), M=tgqrglq:ipil DaSaf 

i.·tnd veloo1 tt • 8 'to 'I lliles per hoar, 

0. 'llorlqclogiQAl tMul,tll 

1. ~ado E:its\1t1J on .:m1ml s• 

Of a1x goc.ts u;?Used end exo.miDOd, t;wo wore t~ to bo 

eutterlte trom gs.s poisor.i~. 'lhe :HaU:.olo~ioal u.aminationa showed that 

three soata .S.S)lt be IJlasc.ed ao U:;ht ~-'1.8l_t1!•· '-

2. 1'oxlo ~tecta On Cbserve:-sa 

6 tro~ 1 ac!lr J!!l!'l ti on was oxp ei' 1 anced one minute at tGl' 

casa:l.t10ll of tire. E.l.;!tt minutes G..ftor t1rixt; 1 ltul:!.l'~t1on tra:s ex.i?eri-

cnocd D3Cl' ttlJJ {;1"vu.nd... 6'1 mir..utes z;J."~ci t."lo ltl.Bt burst, tho \7oods were 

f'reo fro-.: vapors. 

d.. .0QpQlpd Ollfl I 

l.!".leh groa.tor undel" s'UJ:'t'aoe :p~rais t"noy wa.s ·to bo ex.:.;aoted 

in e:n e.:rea. p:rev1ously bombo:rded tr~:.u 1n fresh eotl. .&.t least fivo days 
ahottl.d elapse a! tar bombord.toont w1 th allcll filled With ci'll.or pier in lUld 

phoozona9 before tll'J;Proteotod troo.!_ls dig tn..~~elTea ln. 

Ori ticisma l?.G., tho ttJ.xnu-e mad 1n t::ese tBsts. is 

fi.?:;;ru'ently a Cld1n1 te m1~~t1..i:t"e but t.'le prO£Xlrtions 
of phos_;e;.iQ and c.l1lorp1or1n era not ialOWU. · -

- l5ti-
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Riohw, l'ih:lrroll, Clayton, Ogleabj, K.~ 
(P.T. VIII~) 

~ t. • 

llopCIL"\ on 00/50 Jid.Xture ot o.'11ol-p1crin and J,tlOogene 

t1r&4 ato.t1call7 trom • L1Ten11 F0.1ootilo/. . · 

s. Ob1gqta 

fo deter.n1ne the lethal area in tl"ena.!l$s from clet(I).IP 
uona ot L1Tena pro~ot1les 1 oonto.1ni~ 50 peroent OhJ.orp1crtn and t1t t7 
percont ot phosgeno. 

IJ.vene proJoctUea oontaini:q; 1! litera ot a mixttre 
wero 1'1re4\ ata.ttoall:V tn. a. tren.oh. 6 o:. bla.-OI'de:r uaed as booster. 

lUgllt ~· at a:> foot in.torvcla ou eaoh o:t the pro-
Jectile 1701"0 expoeed tor tn1rt1 minutes. 

gtillCfY I>p,tAJ 

~ o! t1r1~· 8t54 a.m. 12/5/lJJ . 
hteut ct gas olou.dt 164. tee' to loft ot pro~otilo/ 

eo teot to right o~ FO~oule. 
Lothal a:reaa 144 teet to lett ot _proJactUe. 

40 teat tt> rtght ot proj:)otuo. 
Separation of gases a Attar son:o. c11stat'l00 1 the phosgene 

. was ahead. ._ 

c. MgtearglQC;10&)l · Dnttu 

t.'ind. volocitya At tilro of :t'tri.tc, nile J.voreg~ tor the 
f'il"st tivo minutoo ono oilor per hour. 

~e:.:pora ture oi" oJ..r 1 · 

1n t.renah .. 53°.if. 
Gro-..!rd. in tro1:c.h - 6l.ao.v. 

~:aathara lbt e;1ven. 
Bolativo h't%ilid1 t'IJa 94~ 
lklromotric prcoou:rca 29e88 1nohce. 

Arra.ncor.lDnt of' s.;.oplero. lllsht croup a of' ton sD.r'.lplet•s 
ec.oh we.to plao-3d t'.-:cmt;; fact a.psrt fo1· a di~t~100 of lOiJ foot, 'o t.be r ... e;.ht 
am4 lett ot tile proj:Jot1lo/ 

• 15V • 
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CONOi:m'HA'.(l0B8 

comontrotfon1n-r.ti.Z1;-u- -,- ~·com8ntrnt-,,oi'J -1J¥:i t8;Ll;-----,----c9ngentrnt1pn '' JS./]., 

Chlorine 1 fboogene a Ohlgrp1grip 

lnt•·rvnls in Scoot'lflg I lnte.l"V'tll! 111 8eoma t lgtt;mla 1n Sgconda 

~ 30 8 180 · oo aid 30 Y eo 300 •}9 30 toi6() tt<>q 

I ' 
.oo .5."5 4~00 1.?0 .oo t .oo - .-- 1.40 .oo •• oo - - 1.08 .oo 

4.45 9.06 e9l .~ !.17 I - 6.&9 .M .O? .23 ·- 4.&9 ·" .s9 1.64 

10,"13 10.15 1.!55 .6Z ,57 &11.20 - 1.09 .46 - a3.t8 - 1.17 .48 

s.48 a.oo 5.66 6.22 3,00 I 7,03 7,38 - 6.20 3.18 15.!! 4.69 - 2.28 2.31 

2.76 - 6.U .42 to.as • 1.06 4.94 15.02 8.4.6 6.S9 •• a.oe - 4t.19 - 10.38 

.42 - • s3 .96 2.92 • ......... oo .&& - 1.20 ·- - .57 - 1.16 

.oo .oo .oo .oo e00 I .oo .-oo .oo .oo .oo •• 01 - - - .12 

.oo ,00 _.QQ_~tQ_~OO 1 .oo .00_..2_0 .oo .oo a .m .oo ,oo .Q2 ··OO· 

• J"- • 

\ 
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.A. large :part of tho Oloud :rolled out ovor the ~enahea, eettled 

to tha g1•ound and. adTance4 ao aS to f11l .~ trench aJld on (1'f'eZ ~ groun.d. 

1n an eutarl7 direotion. Ute:r tor:rr mt.nutee \b.il part o! the cloud. bad 

adVanced beyond the trench ljater.a. ~. din part, ot ~ clOUd, &0001'4118 

to the observation ot the •39• climbed out ot ~a tre.nah 160 teet to the lett, 

a,n4 so teet 'o the right ot 'the proJeotile. · 

In tl;i18 Ust lt must be ~pt in mind. that a hiGhar concentr...:­

t1on ls geml'1lllJ realiae4 ln the put ot the trench OOOtzp1e4 b7 the d.q;l 

than at tile 'op ot th.e aample bo~U•• 

J.ttel· twenq- minut ea 1 t wae 1mpos a1 ble tor moa to enter the 

torenoh ~1 t.hou't t:UWk:a 1 w1 ti.J.n 60 t"eet ~ tha :righ~, and. 150 teet w tba loft ot 
th~ pro~otue. J.t thia t1110 the odor ot phoagone, could atill be 4ist1D­

£Uiahed., altll~h that of ahlorp1or1n waa atill precSomhan~ 

Mter wen'rt·ive minutes om ··oould adv's.noa to t~ 41stance 

ot tit teen feot trom the ar'atar1 from the lot't IieSe ot the pro joot:11e and. 

to the right to about 100 feet from the arater w1 thou.t appreciable d1aoomfort. 
·~ 

Position 

160 feot, lGtt 
140 .. " 

lZl " " 
100 " ft 

80 " tf 

GO tt " 
40 " It 

ro n " 
m :f'aet right 

40 II " 
GO ff tf 

60 tt tt 

lOo-160 :f' e-e t · 

e. fwrig Q1oqi Ml lieaultg a 

m 
Bf'feqta 

Laohr~tion, ~preas1on. aa.liTaUon Severe oaau.altJ 
" ft " 

trembl1:q:;, r ap1d and-ab.allow raspira.- ~th in 12 hours 
uon . _ 

Snecsi~, l.n¢lr~tiou_ :aal1Vlltion.ln- llaath 1:n 12 hours 
creued nasal discharge, retohl%8 '. . 
S.:aJ.v~tion./lr...ct.r~tion, retcht~, / Deo.tl1 ln 6 hours 
dVspnooa. 
6:;.l.1vatton. laoi:ryr..Jatlon..na.w dis- Ikm~l 1n 12 hours 
~1arg3, ~~pnoaa. 

L<:.o:-..r~'!AY:.tion, s3.11vn.tion, retohillg, i w::.tl.l. in 12 hours 
d\:f:o pnoo o.. 
S;;.J.ivr.tion., lac.:r:,m.:ltion, retcn~ 
voUii t hVJ, d;Y'o pnoe a. 
ViUdly ex.o! tad. aul1V3. t1on1 l&anr;r 
mstton. Tori t1~, go.api.ng. · 
Viildl y e::x:o1 te de s u.Ii v ~ t ion, lac:tu'r" 
ms.. ti on, re to~, va::;:1 tiJU• . 
a:xx-1 ts>l'3:t.t1 ealla;gaa, lao.b.r:fllllt1on, 
sali '1<'. t1on, re tc!ti~, Torn! till{;. 
l£iohriflll0 tion, s~li vo t ton, mar.!ted 
c:bproa si on. 
Lla·'ll';;nntiou, ~~Hvnt ion 

nooo 
- l£l-

Doo.th dttrir.(; OX;.JOSurO 

~!l.th 1n 10 hoars 

Severe allsu.al ty 

L1:;h t cesu.::.u ty 
UJ:.l:lf f e c ted. 



.-"' -.. ..... 

f. ~qnyluaigntt 

b le~al. area troru .IJ.T9na, ;td th a. wloo miXture 

ot phOBS'ene and Qblo.o.•p1or1n ls 100 't~t,. 

Dos• ehowed. a)IID.PtOtDB o:t phos~ne on171 60 and so 
feet w tbG lett, and 150 feet to ~ :right ot the pro~otue. 

· .. 

'· 

; 
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(32). c.o.P. a. 
Report ot t1r1D8 trU.l of 6~ p~ •. os.at 1ron ahel1 tilled 

w1th phQ3gone and chlo:rpiarin. 

Animals ~ed1 oats ~d goats. 

a. S)):!iegta 

'fa snow ".bl'). m.arkad. resul ta which oan be otata1:ne4 trom a 
t.~ well placad a~J.l, :t'Uled with P.G·, at low tGI:lParature (2'7.801). 
(fl» lhootiJlG 1n \his trial was the YOl'st ever w1tnesecl at .Pat"ton). 

ftme - l)eosnber 19, lil'l - 3t3> p.JL. 

Uap ru.t@;! • 1100 yards. iront e~cl • 4.0 yards. 
~eotiT"' a:t"eu. • ~30 ya.raa. B'o. rounds • 8.2. 
No. roundl in e~:teoti ve jrea • '1. 
l'U.reotton at tire • frontal • 
.AJoura.cy - T~Y' poor. · time to tire all rou:nd.a - I J41uutes. 
Ro. t~ r1 tire :ss. 15 aeoond.a. 

No. a!' ~per1meut • 1.2 ·-
No. ot ba.vi taor 5" 'I.Uied - s 
~i/Pe ot &'loll • 0.1. t R.L. design ,S348A U.) with side 

·· :t1ll1~ bolo f.nd stoGl con ~1ner to R .L. D. 
:!634 as 'Q3od in steel shall. 

C !r;,rpo number - 0 374 •. 
B:.::ru tin;: c.~:~rt::•J • 0 (b) 
Propollant en~~~ • 1st 
Fuse .. 106. 
Blind arell - o. 

&J.·or..eter- 29.96 inches • o· , 
Thel"!ll~ tart wet 'll 1)~ b. re. 5 1. 

rry " 27r,6°F., 
ground 22 if. 

Wind - N. i:}., voloci ty - 3 milss per hour 
Sq • b.i.ue1 cloudy 
:RalJll'o.ll - none duri~ o:-;,!)crioont, nono dur1~ provious 

M t:.ours. 

- U3 • 



- .. l.J.s;Ld. naGJ. Sill a 

Q.sm~;cttgUQna ~ ih~~liUXl ·12 g~ar:l'tiQDDa I 

a!Clme attar aliot::;ht 1 Q.ml~IJ~taUgaa t 
tbura' ot atboTe a ;'to;w:ono · · I Ohlgrp1Afip 

Positlontlat ahell atloor Of dig!l:. aVol., of· tf«./1. 1Vol. ot air 
aw.hen ltlll- atront..h a a air cont. a aoon~ 1 1"01, 
aple was aat which 1 tl: Yol. I a dllori)ielZ'i~ 
1 'talatn 1 ~le 1 phosgene a • both at 
I awu ta.iten 1 1 both at I I ll. T.P. 
I JUL. as~ai't. l ohaaa I lf.f. p. • • 

z I 1 146 • " . 0 o.1a I M 1 800 I 0.16 I 48,900 
7 I " I " I " . " o.u 82,SO I 0.2i • 25 3)0 
8 " I " I 1 I ·z traoe - I 0.48 I l&!~o 

12 " I " t 
' a 

0.15 3l,B>O • 0.6i ' 10,600 u " • A • " 0.3i 11,&00 I 0.73 I 10 100 
18 ft 

' 
it t 8 zau. - t o.1• I eJ!f.Oo 

19 • I tl trace - 0.70 I 10,600 
2.6 i I " .. " O.Oi so,ooo 0.10 I 9~400 
'1/1 H I if J. - 0.08 66,600 0.09 81,600 
a ' •to t 0 g.u fi•I88 o.g: U:600 .. • IS o • 100 u f, I " 1 3 o.u 41!mo o.oi 81,600 I It l:S .. I • ... 11"aoe - 0.62 11,800 

17 ' I ~ " " ·l 1.14 a.940 o.es 8,950 
&2 1' t' '! ~ .'I nil. • · o.m 36,'100 
.26 '.! "! 1 8 t nil • I 0.1. 6!,400 
!7 ' I ~ ' 0 I nil. • - trace -1 6 I ~ 1 8 I 0.15 I M,eoo 0.60 Uf?OO I " I " • • 0 I 0.4-0 I U,800 0.26 28.8>0 

' t' I 
._. 

1 • I nil. I • 0.18 4.0,8(X) 
lO !! • ~ • 0 I t.ra.oe I - o.w 81,600 l4 ~ . ~ " " I Dil. i -- •. 0.26 19,400 2Z '! • ~ • t' • nu.: • - I 0.10 73,.00 28 ~ • ~ ! 8 t 0.64 I 7,0'1fJ', ./ 1.04 '1,060 28 !.' I ~~ ' •.. 0 • 0.26 I 11,400 ' o.ao i,lao 1 ' 9 • 40 If • " I nil. I I 0.2e 29,400 5 I tt •"" 1 • 6 • nil. •• - I nil • -6 • " • _If 4: • 0 I tir:'lOO a trace -u I '! I !! " . " I Ilil. - 'I 0.18 -40,900 la I '.' I n 

ff ' " • tra.oe -- a 0.44 16,700 m I " tJ n I '-' I o.oa oo,sod I o.?s 9,410 I 21 " !' 1 • a 0.16 • 28,300 I 0.66 &· 11,300 25 • " • ._. 

" 0 0.29 15,60Q • I • a 1.15 I 6,380 2!ii I " c ':' l 8 0.64 • I • I ?,0'10 I 1.03 I 7,Ul0 Shol ter I I &bOYe fl Oo.Y ' 
" I I <tlgout 150• " I 

., 
lc:t' ~out • o.11 ' 4i,ll00 I 0.14 52,400 a Deeo I I ft t I I I I 4'%--out &1 " I n I " I nil. I I 0.18 I -w,ooo Shelter I • ' • I • I I 

$J;out 32J " I tt I " I r..il. ' I 0,45 a 15,000 

- 1&4-



. ·. ~-"" ' .> 

•• k,1 ao 1 oct qaJ I;ocmlSsa 

POS1tiaa. a lie, ate.£.4 llu.&evel"e'a·Ugh~,j Dea~~ lnel'ea :Remark I 
aaae.sg 1£1 1\l:lali!tll I L. 
• I I aot 4 aata o 41~ 

l:£1!!tth l % I ' ' I Ja I H !§ ! 
• • ' I 

laQ:Qt I 1. J 2 g J. I sz ~ 
1J1 open a' • I I I 

02 'W"dl ' '· I 0 1 8 I 0 I> lot IS gats 0 !Ill!) 
• ~n open at I • I • m atdl I l I 2 3. ~ I i 2 m !2t as. sms~ g ~·a In open at I a • • lSU~ Et~.t I I g Q ~ Q Q 12t ~ Sl!Y 0 a.a~ 

DloUC'h no oa.ta 41e41 aktops7 showed one at 75 JUd• na 
an ere caau.al tr, cme lu trotteh Ugh' oa.aual ty, 

ool d wea thor. 
Os ta we:ra 1UJ411 1ne.. c1 Of :rata "booauae of the ex tr emcJl7 

' 

Oba&rTntion on t:.-aTel o:: th ~ phosg~De Vapor. 1%1.0UC1 seemed 
Tar"¥ elf6h' to ObsoNerl UOO Jnr.S. t'rom tiw artillery VoDa.hel &Ad YU 
quite 1llT111ble 101"6 be:tore 1 t reached them. 

the probable d1reot10:1 ot Oritt ha4. prtT10't1Bl1 boen all011J1 
b7 me&ll:l ot a ·~ o.al!dle and with 2 ob:se::rve11J ~~ ltaanarda a.nd tor­
warda at r1gh'l &l\tlaa to ~e wi~::i di:zoeot1on9 tho go.tnte 0!. -.xim:lll d$nB1t7 
were probably tac::n&. · . 

1 

In the :tield 1100 7arc:W trom trenellB'a, p11osgene a.nd chlor­
picrin ooUJ.d be 4etected by smell .:md s.tl.:ll'tl.IG o:t the eyes, phosgene by 
smell, by paper toat e.n.d: by al1eht '"i.o't:f'·.COO" reaouon DOt1oed by one 
observer. This obser":'er on movi;£G 200 yards t''lll'tb.el"' aay :tro:;n trer,cm_ 
lost all tra.eo o:.· t~1e clot1t;4 

f. Gtm"r=~l o~s·1nat1on3 s 

ec~'1Didel"1Il,l that only 7 shell tell hi t.he effective &r~a 
(o:ce al'..r.all :tell nearly on :!.0 yud l!na) it !s re~ble that o:t 'I goats 
1n the trenches, 1 wu lt1Hed and 5 rer.d.erad severe "casual ties& that 1 
out o! 5 goats 1n the opon at 50 ;p:rd.s from trullOh and l ou~ ~ 4 goatu 1n 
Gp9n &.t 75 yar4s from trench wero also reudared sevo1·e casual ties. 

. Average nu.:nbar ot casual tie:"J 1n prev1craa trials
1 

85% 1n 
·this exp31.•1m:mt, 86%. 

g. Oonoludonaa 

Phoageno ~ N. "-fltll 'lJ.te :::tively in cold. weather. 
- iA!i -



153. 0. O.P • .a. 

fir 1ng trial ot '· tP• hoWi tser ihel ~. con ta1nu tJPe, 
filled phosgene; ·.and ohlorp1or1n. · ·· · , 

P os1 t1 on ot 
R'OAtl 

In trench 
ln dugout 
Open 50 ya.rdJI 

" '15 " 
"100 " 

I 

,YUllon Dat&t 

front 20 yard.a, u.p :r~e 1700 ,arts 
X:t.teoUTe IZ'I& IQ%30 ,a.rda 
lloan41 lzi etteaUTe area 15. 

Ja:romet.x- - a:>.07 tnohea 
0 

temperature, nt bulb - 4.1"1.5 f. 
4r7 .. - U"7. 
Foan4 • u:!Jr. 

Wind direot1q:a. • s.L 
• Teloai ti - 7-8 mil.aa per hom" riair:g to 12 miles 

per hour. 
Sq - OTel'O&II t 
Baintall - none durizg sxperi~nt nor .2ft hours previous. 

c. b1 co1og1 oal R osul te 1 

Jo. 1 Dead 1.n a severe a Slight I Bemarka 
u;oatut§ hour sa oaeu:U. tt• c;aaw t:r• '• 

I I •• •• I 

I " • 0 0 • 2 a4 ~rata 0 41ed 

• 1 I 0 0 • 1 

···' I ~ • 0 I 0 I l 13 " 0 " 
I 8 I 0 0 • ,o t3 !.' 1 '.! 

' - - J 13 ~ 1 r! 
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M. o.~ .c.:, 95 - o. O.l '· 
f&&ta with 4 inch Btoltea tilled Wi.th phosgene and Olllorpior1D. 

1 Stokaa 110rtar. 

in direot1cm. 

f1.1D:t ~en \o tire all roun<tt 1 hour 1i'JJ m1nut41a. 
l>1reot1on ot .t1rl, entuw. J.oou:rac.,, talr. 

\)., JotoorolggiAAl pataa 

· G:rou:r::td. temper~ture• zaO,. Wind velooi ttl l mile a per hour, d:r1.tts Tariable 
Gener~ condi t1CIIll1 Teey ta.Torable. 

o. 1'ox1 gologisml ltl!JMts a 
.Poei tion a!lo. of goa. ta a Dead 1nclleTel"e a Sl.1E:ll t 1.Peroent• 1 Bema:rJ:t1 a ued a4.6 hrc. soaaual ties aoa.sual Uea a ago 0 1 Ol.asn ft $ 'bt 0lasg 9 a d!ad 

I a· ' 0 
ai rata 946d. ~· 0 
al " 1 " 

a 
·I 

0 

0 

I 

I 

• 
a • 
0 

1 0 

0 0 

• 
at> 
I 

" 
i3 .. 

0 " 

0 .. , 
11-avol or cloud.t 

roo yards trom trenoh1 phossene strorely 1n evi~nce be!ore ~orp1crin 
was detected. 

800 yards .trom trenCh, a. till observed 25 minutes ,after last bomb. 
Qb eervn t1 omu . , 
(1) 

Chlarpiel"in 8.40 JSf?;e/l. 
(2) 
(a} 

animal a in o:pcn. 

Higho::::t conoontra.t1ona ph03gar..e e.zr 'llf!.•/1. 
.alJ.l anim.:lls 1n tranoh. killed. Ch.an;;e in wind. prov~nted gas trom pa.ssins over 
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s. B.obortl, Clayton, Burrell, OglesbJa !J.L .x:u:'('I-26. 

OonoentraUG%14, to:r.io1'r and perai~tonor o! a mixture ot oh 
Ohlorp1orin and J;b.osgeno tired atat1ou.llf' trom a U~e111 projeoUle 1l1 a 

u-enc.h. Filler: 5.94 aa. chlorpicrin (90~1.%.pure} and 5940 
oc/ tJpsgema (98.1% pure). · 

.. Mct,ho4J 

ArtiUOU Pataa 

nme ot t1r1Dg • oo~'bsr 181 lil8 • 8a88 ......... Q\w:J.Utr ot load • ll,~o ooa. Booster charge • 6 oanoea ot bla.oi: pO'it'der. fragman ta t1 an • well opeM d. 

b. 14eteorolggi Q&l llltat 

Wind ~eloo1~yN under~ miles per hoar, ~ra~'iZre ot air- 63'7. lamperat~e ot ground • 6i0r, Vleathel" a olea" 
llelat1Te hum!~ t,. • t& percent Barometric prtssure - 29 1 88 inches. · 

0. liold Rasultl• 

Ocmgcntrption Oqngantrat1Qn Jn 115'·11• qyar fiya=mipute per1p4. fhps.reno 

1.40 .oo ,4'/ .oo .oo .oo 
6.69 .o'l l.il .os .oo .o1 11.20 e46 4.19 
1.20 .oo .60 '1.:sa 3.18 6.70 
8.46 1.05 s.o~ 

a. 

<Jtl grptgrip 
Ay, . 

1.06 .oo .~: ,oo .oo .oo 
6.4.9 .·· .09 L40 

,12 
~ .os .o9 

3.i8 .45 1.90 
3.16 .57 1.06 
6.22 2.25 3.62 lQ, i:)f) 3.01 6.88 

'l.Pxicolcy;ioal R'1aultss 

Pit tanm from Drum 
100 tM t to lett 
100 tee' . .to rtght 
60 t.aet 'q lett 
60 t'eet so :r1ght 
4.0 feet to lett 
4Q feet to right 
Z> .f'oot' to loti 
ro t~ t to right 

Ho ~8 diad u &. rasul t Of exoosure to this mixture • 

• lSS • 

. 
' / 

.I 



!Oxic conoentratl~ obtal~d o•er a front ot leo 
toe~ !lhil'ty-f1Te m1nute1 atter l1r1~, the mn ~~ted. 100 teet 
too tre right, and tlf teen teet to the lof.'t .ot ,:.1he 4riml., Phosgene 

was not detected. Cbs hour af'tar, the '-trench was untepable 200 teet 
to ths lot t ot tho drlllllt d:uG to \be ahitt 111 w1n4 4J.reot1on and. 

veloci'7• !Avo houra after tir!Jt:, cblorp1cr1n waa not notioeable 
~ feet ~ ~ right. lt was lUlbearable t1t'tsen teet to t.oe right. 
twent~O'lll' hours nf'ter til"i~, it was tlllbaarable f1Te feet to either 
1lda c£ the projeot1le. 

I 
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)J 
-.1 
D 

I 

Tri(tl SHFI.L 

b.to. Ho. Type 

36. c•:·.r.c. 51. 55 & "· 

a. ~ . _Fi~ld Rosul.tat~~-- _ _ 

Blu-st lng Range Front Humber Duration D1reoti011 ot \Vtnd Tel. L1ten of 

Charge l'ards E~ed Roun4s ot shoot tire JR1lee per ohemlcale f'l"'OII 

·-
haar ettect1n shell 

per yard front 

·---~-~-
lt1n. Aen. 

ner mUla 

1 4 St .Ctr. 16 dr. 1750 40 50 4 32 b'omal 4 .13 

2 
3 
4 

55 
6 
7 
8 

z 
1 
4 

2 
2 
! 
2 

OI :t.nt I 
St.Ctr. 
St.Ctr. 

te t1"7l 
5 dr.lt 
l6dr."' 
.I!WlWl 
Ct(o) 

1750 
-1750 
1750 

-40 
20 
40 

70 
2fS 
50 

10 
13 

7 

25 
36 
10 

enfilade .. 
frontal 

6 
2 

15-20 

.o& 
.c:xs 
.11 

St.Ctr. " l'l!iO'·. !0 21 15 81 t'rontal 5-S .10 

St.Ctr. " 1?50 40 61 G 17 e~U.JIIde c-l/2 .10 

st.Ctr. " 1750 40 50 7 9 frontal · <l .• 09 

St.Ctt-•~ ___ n _____ l.."WO 40 SO I' '·.~8CS fl"onW ll11.__~-------.o9~ 

llotes '.'lith the f):Xaeption o! trinl ». in whioh the aocuraoy was "tairN' all other trials were r&tet! aa 

"Yery goo<l"• 
• ' 

'.fll'ial .Ho • 

1 
2 
3 
4 
5 
& 
7 
8 

"-

-=-. - 'roxieo l.ORi.aal Remit ea. 

Rurnher t1f goats used Percentage k1lle4 Percentage aewre oe.sualties 

bolm1lWJd.lW 

14 , . 7ft Wnolaas1f1ed 

~ ,f 
14 " 

' .... 100 100 

l2 •' ' 89 

7 
0 81 

12 
1'1 83". 

10 
ao .100 

u ~ ~ ~ . - 100_ 100 

\, 
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~7. 0. C.P~ 176. 

With 
OCI:\)ara.t1va tiring tr1Bl en:' 6" v.Iti hctdt•r ahsll tUle4. (A) O:llorpicain eo-- St4.nnio ·f.hl~l;'1de 20~ (b) Phossen• - ohlorp1or~D. · ·· · : · 

She.:.la 

B.Owi tJ\1!11'. 6 " 
lumber t:IIJ941 
'lWe 

.. lotbodL 

4rt111W f»tailla 

"0" ~ ot thell• 
.81n ti~ aharge 1 
Fropellant Ohargea 
Pwsea 
111n4 shells 

<J.Uorp101'121 to~ 
!ta•mJ.Q awgr'! !! 

1 
C.l. 
0 lOVT 
o (o) 

Ind. JSel.Ua u." 
lOG ll.t 

• Jfsp nq,;e, 1n l~UUI 
!lrget e:nga.ged in JU'dat 
Roun.d.s t1reda 

~~ 4060 

Bate ot tire a 
fimo ~o tlre all J'Otlnda 1 
l>1roctton ot tizea 
Aootll"aOf al ahOll t1~ • 

co.t.5o 
• ~ t ue·i;l., •' •eo• 

11 m.tnut.,. U ••OOJ248 
trontnl 
Y~ good 

1t. lgtgg;plggLcal Data,a -- . ,_ 

Yi1n<1 T~loctt;ra 
Direction ot W1D4a 
~ra t'I.U"<t t 

·Dry ~ulba 
wet " a 

f&:r9or:1 turo ot' gr~u.ndt 
Bw:-o~) trio pressure 1 
Sqa 

. 1 • · ~- mUea ;pG'"_ hCF 
· lls.1nly Weat · 

·"' 
GGo.-. 
Gl0:r. 
soo;. 
3J.OO ltl.Qhal 
bl~ 

Phosgene­
<lltgrptgr1p 

l 
o.t. 

c A8 
o (o) 

&nd .Ba.L11tU'-
106 111 
0 

4.060 
60z50 
16 

0'1.11:'1. f1re 10 MO. 
t llinutea 41 Moonu 

tront~ 
Tery 8'0011 

fu:1:li' all t 
n11. 4.ur1:tG exp'er~nt •nd prev1ows 

Gt3neral concU tton=, 
~~ of day-a 

~ houra. ; 
F::N~rnble 

'?tOO p.m. 

... 1'11 ... 

I 

; 



131.21 j 3 . d.! JJilil&ltlJi 1 Sl cxa a i .6 

Wit!l Qh.lorp1gr1n tlghtt percept • swptq ltJ! Ql141 ••nty porgont. p os 1 u an J' o. l'al:rbar JNm'ber . Peroen t Pero&n t 
On grotmd leTtl 
l.t 4 t~ leTel 
fota.J, 

Position 

On g:roand. level 
A.t 4 t~ lenl 
Zota,l 

Cl• p1p nllt4 !'!''4 !'oj!tl Jdll84 killed t wso~ &2 Ui 9 • . . .. f6 17 8 6 I 15.1 ?0,6 t! 11. 11 11 M 71f 

Jflth phq;u;aw and Abl grpigr1p ll'o. lfutlber ~r aaraa1 o. p1§! llllt4 f"l!d 
M 9 u la 
l& .f. I t 
10 a 16 11 

.Pel'oent 
pues t •ua· 

In a Jer 1 u ot t1el4 .t.asta -:Which haTe been prevtGUal7 de eo !bed. ~osgene an4 ®J.oJ7i~~n baTe praTed 'UleiJ' 1upar1or1 t7 OTGJ' chlorpicrin et.rj, ... stanclo Chloride" 20%. h :reeulta ot the abtmJ trial &re d1st1notl7 1n f&TOZ' 0~ the latter mix~t hO'WeTel'r Orl,e IUah b"iale drtea not, h0\1'9Te!'t provo that 1n 6" ahcalle 1t h generally ape&ldDg moro e.tt1o!.ent thall phoagone and Clhlorp1or1n. 
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m. o. o.11. RQIS. 

kpor1manta to 4eterm.i.lle \he pera1s~enc7 Of lethal 
gases 1n <tagouy. 0Ctq:>artson ot persistenay ot plio~gene and ohlo.r-
p1ar1n. · · ', : .. 

MathOdt 

t1o 4" u • .t. Stolate bombs• tilled nth Rl. (a mixture 
or phosgene a%14 or.~.lorp1c:r1n) and t1 t'Ge4. w1 th tour crua ophar1 te 
'boos ten, and Jro. 8 detonator aloevea, w1 th eleot:r1o 1p1 bra we:ro 
placed 1n a tren.oh. one m1d1q 'between ~e • enttanoea to a deep 
cb:lgout, the other 1Dned1atel7'oppostte one ot the enU'ancea. Jotil 
bcmiba opene4 wel~ and uplode4. almul t&l:leousl;y. 

'b. ldategrologiMl Dt&taa 

W1Il4 Teloct tys 14 l'liles per hour. 
l>ireo t1 on ot "111 n4 t I or tl:Bie st;. 
fem.pe:rature: ot :atra 

0 wot b'tll.'D • .&!.IS F. • 0 . 
4'l!J • •·"'44.6 '· . 

temperature at Sl'Ound - 4'1'1. 
S):;; .... O.$l'caa t. . 
Raintall • wu. duri~ experiment, .11 1noh dur1~ 

preT1ous 24 houra. 
Jaromotr1c ~easure - 29.15 tnohea. 

o. Be 11111 ts a 
·-

At 45 aeeonds after tiri»e,.. the-I'MX1rmm ~ conoentraUon 
ot phoogeno in the dugout waa·l.53 .~.j1; At 1 minute i.nd ZK> aeoonda, 
Uu.l ma:dmam oonoentraUon ot-'clllorp1c:rin 1n the 4.~ut was 2.20 llf:!.•/1. 
At 10 minutes, chlorp1or1n wu not lODgar present" in qusnt1tnt1Te amounts. 
At 50 mt.nutea the larurymaory atlnospherc 1n the trench and at both en-
tl"Bllcea w the dllt;out was noticed. In one llOUI" and t1tty minutes, an 
m:protected observer could just entar both shtlfta. ,l,n z hours z:> 
minuteD, an 'tl!lpPOteotod obsorvor weut :.lroost to tho 'bottam of 'both shattts 
betore he laohrymatad. He experionoed severe ladlr~tion in the main 
chtlmber ot the dugout. ln 5 hours 1 Z) minutes, the dUgOUt &nd ·Sha!'ts 
wero clear o-! chlorpicrin. .. 

d. Oonolll§iQM a 

l\hen 4" StC~tes bol:lbs 1 i"t.lledw1th 1'.0.. burst in a trench 
t1ear tae entrance to a d~out, hit;h. oonoantrat1ons ot chlarpier1n may be 
produoad 1n t..1.e cJu&'out. 1"'~ vapors ot chlorpicrin persist 1n a dcgout 
tor a period o£ about six hom·a. 

- 3.73 -



:s. XOlla end Satler. 
P. 1'. ll.U•.A. 3913 •. 

to nota the oomps.raU ve etteo\ ot Olo'\l.da oontain1ng cyanogen Chloride and phosgene unc1.e%' the same t1eld 001241 tt.cm.s. 
b. Mothoda 

Arra.tlgsmen t or t1eld - see cUagri:ill ln original report. 8 L1Tetll proJeotUes 1n a aet tired ai.mul \ane0'08l7, ll:mt4 'o aide (It ale1d ~t betore t1rUW due to ~ in direot1on ot wid. J'raBmlntaUan good l:n all but ana Yhere there w.u a bad bura 'k 

flm& ot t1r1~ - 4aZS P.M. 
On r~e near MOO Fd line. 
f1.rle - •• 30 l.fl. 
~el'a.ture 07• 

aurtaoe ot jrO'I.md - •1• 6 
al t1Wde o! 6 ft. - 43.0 .Rela tift htln1 d.1 t,' f, • 6S 

B::-e-tr1c pr•uure, inches • ta. M 1'1n4 direction tram. - Jlcrth West 
Wind Taloc1 ty, mile• per hr. at al'• 6 ft. - "· s Sq - OTercut w1 th low strata. • ou:a:.ul\'&11 clo'Qd.a 110v1tl; !Lrth West • · Ground - oool aud. ZIX)d&ratelr flr'3 .:.- mo rains tor 54 hou:zoa9 ~ightly cooler than air above -gas olouda ae~tled dritt.d al.OtJg BUrfaco at 'ground. ; 

d. Field Rmnllts 1 

Ooncent:rat1ons ot phoseene and oya~en chloride mi::t.tUre in '!.:tr!;./1~ total ahlortoo. Distance 1 
flQlJl Qmpl 1 i 2 I 3 I 4 I 5 I 6 I J I 8 I ' i i 10 I 11 f 12 lDO teei 13. 85a4.lla35. Gal. 76a43. 8 a6.011 2. 3?s:nomaO. Z3 a:z~o:z:uu .e.u·, 0.15 3:10 " 11.4.81%.11 t0e02&G.06&BODf31lt)S tt0e~l2.00 a:5Jl8 I110lle UlODEUO. :.58 600 " a4. 24 ao. 20 a 2. 32a o. 02 'los1i a C.. 55 a o. u; aO.l4 r0~006 &DOne a nom a :s. 4:1 m " I - I - I --1 - I - I - 1 - I •- I' -'- I - fl- I -lOO teet !!me in saoantis - 14, 24, 34, and 54. · mo " " " " - 41, 51, 61, an4 81. 600 " n " " - 82, i2, 102, &.nd 122.. 900 " " " " Hand p"tlZ:lp - avern.::,""G o.lli:l'or 10 minutes - bogan l23 oeeondae 

- l'/4-



•• . h•ulSRI 

Jlix~ oi.' phosgene a.n4 ~u, .ob.lor1d.a gan m pronounoa4 i.mrDitdiate •r.tecta ot cya.r.q:e:a. Ghlor1q. tue to Che ·..:u q-aan.t1 tJ• lall ~ 0t d6l&39cl. dtu:.tha • 11 ttlo. etfeo~ ot poaaeDI dwa ~ small qt&U.'U\7• 
'' 

s. tabUlations on .Paee '1'1~ . e. oy&nQ!ell ohlor1de 1n miXhlrt ctid n.;t produCe prouounoe4. e:treota. S1Jl)~ mild tn lat row, 2 ~ 8214 1 g'QiDaa. 11B 41ect en ttold. .uJ. o~a ahO'Ired alps or cuel~· ln4 row -S.Ve:rel7 p.aa64 • I &og• 41ect on f'1el4. Other 1'0'1111 - mUd ouual t!Ala. 

.A. ld.Zturo ot oyaDOgon Chloride and phosgene la not U goOd AU!I an equal 8lom1' fJt either sa• alOZID 1 • 4ttle~d 'b)" Ool:qpA1-1ae 
~~ a.bO't't '•e1i w1 th test. o:t the pJD."e· p.eu. . 
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&epa:rt; on e:r:l)'3J'1manta to_ esota::II!ns per11etonex ot a JI1..X tare r:4 phoag ~n:~AJ &llli e.rse ai c vi o1~~.1.r 1 i.i4 ca:r,!; 1 /at ~" r 11 'ber .to U 011 trom anUler;y &hell. 4 .. lS" han taar lbeJ.I, oontain.;r type, tilled. w1 th phoa-gene-aratemc tr1chlorilie mar.t: I .ae;e oo. · · · 

.. QbjjHltl 

:i:o deterrdne u:nd~l" swi'a'lE!I and oT~ 11\lrt&ea p4!rsb ta11q of o..s.n.. Aal'Jt 1. 

b. M$hodt 

6ttillorx Datzu 

l!lutribQ:ao ot hOtri tzara - •• ro~ t1rt4 - lOOJ lto.~a ot tin .. D.:rr. IS aoc. to a ••c.r '1.\.m3 tabn to f1l'8 all I'O'tmd.l • 8 ld.D.tttel ala 18COnl1aJ .Aoour&e7 - g~d.J 1":ltmt!~ 1~ •f'f'•cti'f'e area. - iOr fwe ot shell • ~eal oontainerr b-areting (~.barge - f\li'.Zlfl O('b) Propells!it ohs.:-~-.. lst 'ball1at11:et tqe - #106r Blind &bell - ~~ ~ ra~e - 2800 Jardaa baJ.aba.l'ded a.r _,.,. 140 • 60 f4l"U• 

a. 
Baromem, 1nahea 
tnermome te:r, wet bulb 

<Jr'y H. 

ground 
Wind direction 

Telocity1 Edleo per hour 
~ 
Rainfall 

QOOP • .M. 4-a SO l'.L 
30el0 80el0 
87 &&.8 
tRl 116.1 . a/ 2.s 

..--; W•S:J 
4 3-1 
blua bl~ 
m+ ctur i:g exp~rimen t 
l:nd. ~ hOm'S .Pl"OT10US 

Observers u:tUl"tle to :tateo"i p~OliJS'eM 4 to 6 ll'd.nutea at'te:r. 5 guinaa pigs O%pOsod. - no effect. 4 guinea pigs ·~n, aru1 one Jl,lst to leeward az eaoh ora ~r. · ... 
e. · 09nQlueiobu 

Ubder aartace and ovar surface PQrs1steno1es Of phos~one :tlegltgible quanti ti9s. No sat.aples truten .foz- anal~sis. 
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=· i!l%t:l:i::lt-~I:!;i,.:"'::!!f:=:!!:!::::: .. ~=~·======~-=:z:~~~-----------......,_ -. -... ----~ ..... ~ ......... __ _ 
' ( 3348) 

I 
41. o.o.P. llli. (o.w. a. 09 ). 

. ' 

JapQl'\ on £lri»g tr1a.la o.t •• 5" oaat 1r011 hO\Vi t&er ahell 
tilled phosgene a;~4 usem.o tr1chlor1det,llu'lt n. 

.. 9b~·t· 

fo teat TalM ot O.D • .E. IIB:r.k 11, U GOq)lill'Gd. W1 th O.JJt. 

Al11llerJ pota11st 

lo. ot '•IS • howl 'se:r• 
taPe Of lhel.l 

liD' a ti~ on.orp 

1llp ~·· JVda l"ron' •~aged, yard4 
lfreot1Ye area, ~4; 
~ til'ri 
Bo1m48 in at'taoUTe &:rQ..Ol 

lo'anda ~aa r~ table 
R.ate ot tire, B.t. 

time tar "o ttre till .rou:n.d.t 

D1reot1 on ot tire 
.\.ocuracy at shooting 
o lio. ar shell 

Propollaut charge 

I 
st~al 
cont; a iller 
0 ~}I} 

' 

17t~ 

~ 
-l():z:ZO 
us 
.cz 
M 

I 

I 
».D. 

. P.D .('a.) 

lTeQ 
40 
40%:0 
~z 

• • 

2 

I 
out !rem 
Jlarlc X 

O!O(e) 

lTSO 
.0 
..,:a:SO 
&56 
%1 
e& 

& sao. 1 aeo. 10 aeo. 
e mn. f.O ,;·ea. 6 Jtt1D. · e mD. 

4.0 Ita!' lO HO• 
rront~l ecfi~ .rtroDtal 
poar poor.. good 
S93 at4 3-95 

ls t Su.tli :l ~1 to ls 't 2nd 
)<>.J.U~ti to Ballie t1 te 

flO& 106 . 100 
0 0 0 . 

~ 

I 
ateel 
eontat•r 
O(l))lm(b) 
ClO(a). 
l"mO 
40 
40zS) 
Ia 
~ 

" 6 seol 
rs m:a. 
10 110• 
trontlll 
ftr," good 
(893. 
(394' 

) 

(~5. 
.2nd . 
Ball1st1te 
106 
0 

• Crt>Ji.l.l.G to frequent c!lt.l\J"'tS 1n mnd .i1rac~1on~·~ co~qnent al~at1an td 
line it 1e imj,,o!sible \o oOOJ.plete ~se ckltailf•; 
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~ .... :• . 

.. , 

0. JomgrolQf!1oa~ Dstaa 

1 & I • t: 

])a.te. ~.lltlilf Peo. ,~,lil/1 · · · . Dtc.l7 1 ljl' Jsn.&,l.ill 

Unn ~ dJq !aeo .P.a. Ztl.a P.L li:O P.X. la46 ).11. 

Ja.ro:::.e tGr' I.D.chea zo.11 eo.lti it.H 19,.98 

She:rmame tor Yet ~ 13. Ja. 13. 14.6 

f:rJ .. u. !33 M. $5,15 

lf"01ID4 a a. 19. 11. 14.. 

W1B4 41reoHoa B.~ t~~il.s.w-w.a.w. 10 &W 

Tolooity milea/bo~ 4 5-4, 1-8 4.-2 

l11q 'bl\18 ltl. uo-ol OlU1t lU. \1t-tlOudy O'fa!'C.Ut 

lta1.nrau a' tea' nil 1Ul uU ail 

PreY1oua JW. hoWl traoe nll ld.l vaoa 

4. ~~gQl~~g .. :~~~·· 

1· .i!~G&2~Q&:ial ~-Xi\UIUI.Ii 
I. 

Ho. i.Poa1 Uou a:&o. ot& ~u•• •lftrdafl!n~ •• • Rt=an:a 

ot • agoata&ll-.4 1\ut.Y;r•a5Ughta])~e I 

trial I a~4 ata .bra. a (Jl.e.11s I oluaa IO&aual• t 

• a • • • • · ··~tlea alUla 

I I • I I I S'tyA I 

aln trench• lv • I I 6 H J. I 3.} I 90 a Qt ll ra ts,lO diecl 

•" dugout a 1 I 0 • 1 I 0 • 0 • 100 tl nt w.h.t.ch cUed. 

l t! opon ata ' • • t 

,&Q ;r&l"Q I 6 18 ' 0 ' .. I 0 I 0 aQt 4 rats, l 41e4 

uu 112Q " • I Q I 0 I I . I !! I Q a" I • g " 
1lu U>enona i ... I 1 

·. 
t· f/1- • 8G . aot Y rats, 8 41e4 • • I ... agouta 1 • 1 . a 0 t C)~ al.OO • 100 aOf 1 rat, 1 Ue<l. 

a" ogen at 1 I ' . • • I • 
2 160 yards I & 0 as I 2 • 0 i 60 sot: ! :rats, 141&4 

aat '15 " I 4 0 I 0 "' I 0 I 0 aCt:f ~ ratas'ij: & died 

t u l.OO ':' I 3 u ' 0 2 ' 0 I 0 aOf 2 ra:cs, 2 died 

I It ;; J.:,Q tf I ... .. ! - I • l .. t - Jf~ i ::w. Q ~.l.t4 
, In u·e2;1.C:.O. * 6 a 0 J ~ I ~ : v l. iii) c '-' To. t:s, o diod 

I H dn~'Q.tl 1 ' 0 : 0 : l l 0 s 0 I Of l r:::. t, 0 d1od. 

a" optJn o.t• ' ' I • ~ fJ 
I 

~ 160 pda I 5 I 0 • 0 I 2 • 0 sot n ratD• 2 41ed 

'"" 7i; 
n I 4. l 0 \) 1 3 I 0 

~~ 
10~ 4-~tc, 1 died 

aa' 100 ~ 1 5 ' 
(j 0 2 • 0 a{)£ o· t"'-.1 ttl, o di•d 

: ;J.t l~~ ... ! ~ ... ..., a~ ~ r;;.to 1 0 sUi~ i 

•.tn tt'en\il' 7 I 5 l ' l ~ n. a~ 1 :X T~ ts : die4 

I" :f'Ul' l ' 1 I 0 t 0 noo 1 10() 11 rat v..lch uurvltred 

a •t o:pe a a I • a I I a 

• .oo wds . 5 • l II 0 I z I 20 120 aat 6 rats, G died 

sat " a 4 l 0 1 • 2 I 0 ll:i act 4 rats, 1 41od .. 
a" !:92 " t ~ I 0 0 ; I Q • 0 I Of ~ &:s.~i• 0 sU:ag. 
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2• 9bsorraUQWt an qml Q( g~Qpdl 

zo m.t:outea atte.r .. ~o prd.t trcn tiren4he .. 
1100 ;rarb - teet PaPOl" ; ~d. 
8500 JU'd.a • te\ea.te4, bJ' 04.- and. teat pape.r. 
&6aO fDl!'cla .... cJe'tea~d. ley' ~~91" &nil tes~ papa:r 

(Bl' minutea attar). 

lhportmat la DenH wb.J. te olo'Qd. t'o.rmtcl • apr•t s.w. at end Of' ahoot. "'' 1200 Fdt - sntnoteut :phospl'l& present to ~n '-•t papor 7Qllaw - et.rof;8 o4Dr \8 la.oJlr1maUozt. "' 1400 JVd.a • Q:apro'-tocl men OO'Qghed Ti.Ole1ltl7 fill" 11-:tD IDiumea. 

IJnertwnt It Opaque, d.enH elo'ttd JaO'IIIcl a1ow17 from trenches, uavall1J:8 8d. • 1'1a1bla ~ llinutea atter ahoo' 1000 ,..ru away. A pfOl ot ~0!', to Fda 1u 41&mokl" Mtn 121 d.epl"oaaton eo<J ~4.1 east ot t.renahe•• ~baena:r U ltlnutea at\o:r ea ~ Jhoot ent.:re4 t!lia pool. eutrictent phosgene present m 1rr1ta'M noa~ila &n4 P,Te ta1te tor 1-1 hCJUl"•• 1 obHl'Ttn at 1>ouzmo;r ot e;rotm4 (l!SOO pzda to 1700 Fcbl) tram tiranohea • d.tatinot laohi'JII'&•uon - teat paper turned ;rellOI' - toba.ooo reaction gtTen. Olo114 T1a1bl.s CO mnute1 arte:r ahoo' aDA up to at laul 1000 ~"'-.beyond bo'tmclarJ tenoe.~· 

I:Jnoriment It Gl.otld - s.w. d1raot1on - T181ble tor cUatanoe ot ~() 7Vds• l4Jr:d. t t~ deteot1oa crt phosgene !ISO yvu. 
ltrporimgmt 4• :Denae whik olo\ld- JIO't'e4 nora. nsible •• e500 yard-s ffJt' 2 obaernre, JBJO Fda tcr third obae.nel'. J.t end ot l!tJ mm.ttea, no' dstectGd lJy Odo:'f .ftst no~o.able b7 ~at paper. Pal"tion at CloUd. remai110d behind azul hung eU.tJ.~7 OTOr crovnct.. (1400 JU'U from ~anahea ). At e1l4. or 25 m1nu~ea largo ql.lflnt1~t.1al ot pb.o1geue pru~nt. 

' . / 
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OOneentraucm at phosgene (tlc attemp~ lied$ '0 awr• b atannlo ohlo:rlde preaent but total ohlar1dea were c.alcula\ed u phOa«ena) • 
:Pos1Uon 

IS 
t 
ll 

' 8 

" 18 
IS 

10 
1& 
I 

11 
1 

' • 16 
dugout 

1 
2 
5 

' 

t1me a.t t•r 'bar at Ielah~ &bOTe let thell wbeu floor ct., tro.nah a.ample waa t.a.Xan at Whioh 1ample 
.... t:all:oll 1111111 S!ffiPda 'a~ xna•• 1 0 ' 0 .. .. " .. 

~ '.! !! ~ 
l $0 ~ f! 

" " '! ~ .. 
~ ':' f! I, 
!.' !! 1 I .. 10 ' 0 lit " " " .. 

~ 'f ~ 
... 
! ~ 1 • '! " IJI " ... 

w I u Ia Q 
" " .. 

" ~ I.! 1 a !! !_t " .. 
(&b~ tloor ot ¢Qgou~).~ 

e. ~''AD~a ID ~Small& 

~.lQ.lled 

137 
62· 
0 

7f5 

. · · i I a Sl I ;; i l & ~ il I i Js•/11 'er YOlume ot &1r 

1.06 
.M 

·'' s.n 
1.01 
1.50 
.aa 

1..04 
•• 25 
.~ 

46.01 
o.a? 
o..u 
O.il 
o.z.a 
1.06 

·• 

511 
87 
29 
§7 

o<n:lt at nt~ 1 
TOl. phosgene 
botli ~~ IIIII£• 

4270 
sao 
'IMO 
m 

14'1'0 
!020 
711JO 
1"WO 
)060 

lR)O 
9$ 

l.6«xl 
K30 
ti20 

20600 
ao:> 

•• ' II pith c.B.R, It 
Oonosntl'a.tiona o'bta1n~d in oaso 0! ().B • .::~. li o! ea.me genaro.l order as a.vo:raee ocm.oentra.t1ona on all phosge~ teste wi t:h 4. 6., ho.vi t~era. Aa regards let.h.al proportiea t:Jf ~..ar.s: 1 and !Larlt u~- notb~ to ehow Which ls more toxtc. ln to.rmer case 24 goa.ta in all ha.va ~n ld.lled out o! 60 "aS&~ 1n latter 13 out o:t 3l (-«> a.nd "z% :respectively) • 

... l~-



t. Ogngluat<nu 

anuotua o.B.a.. •ai"Jt I '.au4 ..m-il: U eJ"e phose;e~ 
araento t:r 1ohlor1de mixture a. · 

T l8l -

I 

j' 

;· 



u. o.o.P. l!l.t. (1679) 

lle.;?or~ on t1:r1J.:6 t;rial· ot t..&• I1'Dw1 •ur ehellt oontuuor 
we. tilled - phosgene aru1 araoni.f) tr1ohl01"1.4e~' _:' 

a. Objaata 

fo dttwr~ rraaber ot a~lla tUled. O.J.It. :required. 
in a g1 Yell tron t. 

Pate 
f1ale ot c~q 
10. and ~ypo ot guu lillacl 
!,ypo ot ahall 
lap :ranee, pr4a 
P.ron' tllg8ga4, ,..ret~ 
UttatlYa a::r-., J&l"d.a 
ltounda tireA 
Rcm:nda 1n e:rtecU"f'e area 

Ma7 a, lil7 ~. 1,19lf 
la40 P.L 101 ao &._. 
»-4.&• hawa. ft-4,/1• hGWie 
1~1 ,container atotl .. ocmt•r. 
1'150 1750 
fO 40 
40 bJ 80 to ., D) 

fO ao 
/:i 10 

·. 

~ 
,.,/ 
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liar. 1, 1917 
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1'180 
4o 
40 )J 10 
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o ~ CQl"l!}O.rUMLo_L6 _xuu..__ ___ _ 
lro. of c:xperl!~lent 
Dato 
':illS 0~ day 

1 2 a • a 1 

.lrob.2l. 191'7 i'el). n. 191'1 reb. 21., 1917 ~. 1, 191? ar. 1. 191'1 Mlr.l. 191'1 

1 P.M. 6 P.M. 4. P.lfe 10t30 !.M. Z P•l!. 6 P~L 

29.60 29.67 29.e& Jt.te 29.91 29.91 
Barotret~r, 1ncilea 
!hermo~mtor. we' brtlb 0g. 46. U.l 4-3.. 4.0.4 4.1.6 41.6 

" d~ " " 
Wind 0 1rect1oJl 
" ~lGcity m11os per hoo.r 
sq 
Rninfa.ll 

" pre•1ous 24. hcmrs 
gt1ller;r ObS)~l'Ynf;igrut 

!f-:r e of ah,, ll oonta1nt·r 
No. ot 4.~ hD•• 
Dtp :rnnt;e, yard a 
Front e~t~. )T&rd s 
31:o o~ efieal1Te area, ,Us. 
no.o:f' rounds fired 

~ Rounds in tu'Ott~ 
~ Rate ot lire »~~. 

Total time to tir~ 
ACC'I:JJ:'nOy Of ah.aoti.ng 
l.loa. ts used 
No. dead in 40 houn. 
Rabbi ta u•ed · , ~ -· ..... 
t!o • d ea.a bl 4S hO'IU"S 
lt'lt& used; died 48 houn 
Mioe •• 1 " ~ • 
,: diad. au a.nlmala 

45. 4'7 .2 "· u. 43.7 "·' 
:~ .. E.-ll .a .. u .. F.. w.a.w. lt..lf.w. Jl.R. -

2 -4 1 -% t - lO s 2 all 

OTercast tmll'OaR eYem&n ftero&R Rel"O&It Gfti'O&d 

nil Jlll ntl all ll11 a11 

o.l2" o.l.2" o.ll" 'l'flGe tnoe trtaoe 

steel 
3 
1750 
.20 
201:30 
2.5 
1.3 
6 JK;C. 

go~· 

10 
=s 
;9 
5 
'6/'1 

53.8 

·, . 

ateel 
I 

' .1750 
10 
a <>:do 
J5 
9 

neal 
I 
1"150 
ao 
zox:5P 
!SO • •"· 

23 

-'"l 
J t 

1760 
frO 
40dO 
10 
30 

-e a-ee. ' .-,. 1 ... 
'% ld.D.65 see. 8 -s-~ &'leGe ., Jd.a.Z eeo. 
1'a1r ~or ftl')' ped ,. - ,. 
ai - a 
a u. ' 

~ 1 1 1 

'- 4./~ - 4ft 
~ - ,,, 
•441• ?.1 so.o 

at eel 
I 
1750 
40 
4.().dO 

'm 
.a 
a aec. -sooa 
10 

' 10 
I -9/t 
62.1 

atoel 
J 
11!5() 
40 
40d0 
50 
21 
a se<J• 
I· a111.~ aec 
pod 

• .&, 
t _, 

~····~a/2 

'" 100 

R~:r,Jrkss !rial No. !5 w.tnj '-:JD hie.h - trial IUh 5 cond1t1ona ideal. 
··~--

;.. 



Rate Ot' fire 
'!tme talmn to t1rt all r Wilda 
'fi.nd Telooi t71 mile• per Ju". 
Anhalt Jdlle4, p«r0$At 
.LUera f/4 11q1d.cl. fl"CCII etrec'-
1Yo eall pel' prcl ol tJ'c11t 
per atuu• 

d. QgMludgp,a 

s uo •. 
6 min. I seo. 
.,...1& 
0 

0.11 

.... o. 
7 mln. I tee. 

• '10, 

I teo. 
I min. 8J teo. 
1nappreoiabl4 
100 

o.11 

~:rbll:lnt 1 oomp&1'e4. W1 \b. I Md 1, ahara tha' wi \h a nm 
YU11n& "beWeU. T and 16 llilet per hour no etteot 1a lU:tlJ to l>e produoeca. 

In exper111Qut 1 1 12 goa'• wer. plao&d. 1n the _.en@. •• a'boui 
6 1UA tnterrala, wt ncme nro ltllle4., & wlare til'aot hits Y-3:re a4e were 
ttreol4141 l h.aT.lJlr toTers reaptra ~7 dla trus tor 4 d.a;ra. 

.· 
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43. Kmm, Riohter, Loronhia't, Ju:rro.u, Olaf1;on, We'bster. 
lh;,:.. .t:::. r:·l-ej • 

.ProlW~; :ph.:-:.rm.icolog10£.1 l'&port o:n fiuld tact. !l-u:tl4"4 
Gaa:. and. ilsl':lU. ;m.e&. fo,st .r.ae.do ~-q;lla t ·u. 1~18. , ... 

!oxi c1 t;y on dogl ot _pure mua te.rd su 1 o~ Jl'tlS ttll"d gu, 
purt 111\11\trd. cu :plt:s 15J ,Pb.Otbttller aDd pure JSU.Atl"4 cu plua 15~ ohlOZ'• 
'be nsol ,when upl o~4 h-om ?$-tim ahella • 

.PurU7 ~ .vuro .-..<atQ<\ - je-,0~1 or cr'Q4.o mustaro. 86. Ttl~ 

'b. It tMda 

Pour t1ele!a 11.1ed. .. t1clds l,yi~ perper..dic'Dla:r to w1I'A 
41reot1on. 

~~tr-tt~· ?6 • cas lholll 1n ea.oh. &r<n2lil 6 ton at 4 lhell• -"ohf ron 40 .tHti l=tt cut 4 roet ~art--sh:ell 'Rm:1 leo tee• 
apar~ E&oh l};l"O\T,p tired in 'allk:l ot ' shell eaoh. fil~l lata. tnt gr0'1mel 
w1 tll tl.heil' noeoa 1:DOl1:oed. a11ghtly ~4. In tonal \e1;woon t1rb~ ot oMh group ... 10 aeoon4JJ. .; 

.A.l:l.1mfoJ.e • 1!JJ ~~ f.1i tront ext each •h41l 'ba.nlt& 6 ron, 
4 ~· ~e.®. &ow 60 teet 1~,1·3~'7-ft~t-ttogc taatene4 )7 H\. Cillfl..a11'la. i'rou:t :re~~r-20 teat troa bont liD! ot Ill all. h~ l'<M"-75 tee • from. tron t liDe ~ lheU .• 

Portod or ex,Posure - 10 A.L to 1 P.L 

AU ahel! fUled to ?/fS TOle (415 cc. ) • t1 tted. Y1 th 
l"eggllar lint.~t: I'l load.tid 'too3tsn and a&l.-pte:ra. 

a. l!ctf:,rolo&dAAI n•ta•· : 
Woathar • cleQ, watm aun ·" 
Wind - 4f- miles per hour at t1r1t@, ave. 6 mi./hr. tor 1 hr. 
tEmp. • Air 61 °F. • ground 89~.F., wet bUlb 69<7. 
llel<! ti v~ ,'lU!Jd d1 ty - 541~. 
Presom-e - ~.oa 1no.a.es. 

Sampl1~ intervals - l, f, 3, "• 5 ml,n. frOltl tt"ont ro1: to back. 

- 185 -



... .. 1y110tu l?ajaa 

I& PU ;Ulat ~~lll. alis:at1Aia. 
Pare IIWI \d 6 R 11:'8 .u.s t;a:r4. 6 'JIIIIWIWJ 9£'W! Jim latA l@~ ag~aaau: !11~ Alllez:biDI!:DI .. .. • a 1a 0 
., 

' • a .10 .u .u .lJ .oa .11 .18 .!8 ·"" .1a .oe .ot .. , .u .11 .ot .. ., .11 .1, .11 .11 .oT .o1 .u .11 - .10 .1. •u .u .oo .• 01 ·" .oe .oe ell .u .ov .0'1 .16 .c. .oo .06 e10 .f!ll .oa .10 .1a .of .u 
lra.pe:ntaun • 

Pare au.stard. - 6 poor, 1& pod 
Ora.d.t J~~W~tard - !5 fatle~ u poor, e good 
Jluatal"d pl'DII 1.5~ phosge:Je - 2 tail~ 14 poor, 8 rood .. brei. pl Ul 1.5j ohlor'bense:De - 18 poor, 11 soH. 

iW"' !PC~ U1 ;plp J.ll MQ8tM· 
~ 

Died 21 how:1 

) 

.11 

.ot 

.1!5 

.oo 

.u 

Diecl 6V houri 
D1&4 t5 .. 
l>1o4. 4.6 ~ 
DS.ed. 41 t' 
])ted.' dqa 

Died. 21 '* 
:D1o4. 18 hOVI 
l>led 84 " 
l>f.ed e 4a1& 
J)1ed .m " 

--

1. 

~aped ... 
l>1e4 &-l/2 d&ya • 

t. Sggya 
~ ·-tb c1a to tho mo:rta:r1 •7 on eaoh gr~ 1a • 

pure Dl'W1 tard pl ua · phc ~Sene • ~. , ?o,; 
Pwe mWJta.rd. ' -._ 65~ 
Pure mustard plus Chlorbenzell.G 30~ 
O:ruda mustard . 40~~ 1Jur1l!B uposu..-e lulimal.a expos &d. to mus ta.rd and. phos3om wero l!lOX'e d..epressed tho..n ~ose ot otb.er groups. 

~:a: t"UL"e groupe sll <1.Vi ~ ear lies t 4ea. t1l.s - 1' anlt lat. Jhoegone and mustsa'd., 5 daatha 1n 48 hh'1%1:'s._ . 2.nc1. Oh.l.orben£eno and Dll:l.star~ 6 deaths in •a hours. :rd. Ortl.da mustard, 1 d.enth ln 48 houra. 
4th. Pure ll:r'..ts tard, no deaths 1n 48 hot11"a. 
Lc:1R mwtal1 ty w1 t"h. crude mustard pa:rusr ®a_ 1io poor tro.gmentatioD. ,. 
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------­.. -- ·---- .. -.. ~- -·. 

• 

ICtlm. Ind. Xolls. 
P. f. Tlll•..US?. _ -

QbJgata 

OQ:xwa:r1aon ot \he ta:tici.~ $t (l) ~ muatrd. (I) a~ 1111.1.s\ar~ (Z) pure DIWitu'd ocntatn1:q: 15~ 0! photge:D4 a.M (-') ptae llUJ~ oont.a1111~ ~ oh.lorbensene, when ue4 u t1llora-1n ?lS -. ahell tired etUtoallJ \111der field. coruUtiBM, le;p~ 16• 1918. 

1. hll b8.:aka - 24 shell eaeh, 1112e po.r;pen.41oular to W1n4 • 180 teet apart. 

I. Shall tUl1~ • -f/8 1'01. • .U5 00. ctr tUle4. Jhr>lt 1T llooa tel' ... .3:> CUW• f.H. T. t 10 gms. ~t17l. 

P1eld A • pure JllU8tard 1t1 \h U!' dllo:rbenaae -" J • PUJ'G zmatari. Wi,th U:& phOsgene !.' a .. <Jr,;dd.& Jm18 ~ ( 83':' ,_..., ) 
~ D - pure m:ttGtar4. (i6.~ Fe) . -

:5. .Laaa t1 on of 8hell. 

(a) 14 ahell 1l1 eaCh t1el4. 
(b) 6 J"OWI t 4 shell eaoh. 
(o} ntstanoe ot l'OWI .. ft tt. &;llll't-.t:ron eao.h. a:roq. ·40 tee.t 

(d.) Paoi Uon. '!f &h.ell .. noae incl1%a0<1 a11gh1:&.J dOwtJ'ral" f. ~. I 
(e.J-" OJ'ISer of t1rt~ • ~aoh gro'Up :t1:re4 ba.D~QJ ct " aholl e.~ 10 s-ea. 1n~rvala1 oorrea­_por;.di~ bank;i in eaah grvup wwrG t1re4 
B~ tt:lll.'JOU$l;y"a 

20 ~· 1n tront ot esto..'lt 's_rovl, o£ shell- • 5 rolla, 4 40gs in ea® row, :raws 13-k' ft. apa.r,, ~atnnoo troa 11• ~ ahell to. tront r\lfl m rt., rsar rott 75 r~. 
\ 5. E:rpoaurtu :, ' 

(a) lle~&iolty 1ieet •llaliS A.lf. to ~al5 P.tr. ('b) .Pors1s tance, in _poai tiom 1 and. '• ot' t".ae t1rst rOfl 4a:O .P.il. to lO•W ~.u. (c) Persistenaa, 1n ~sltion; 2 and s ~ the f'i:rot row ~ brs, e:t~er t1r1~ -10 al5 ;.. U. to 4al5 P.~. 

- 18'l -



.. Mot9d'tQlU1$)il DUN 

Woe. \her - mUG., war~ 4JJ:t1 Ugh t cl,:>~ '6'1nd- rs.l llileiS per hour a~ UJD& ot· ·tir1~ e.a Dllles pe!' hotll't ..,.~ '-relcto.t.v tor l hr.At.'\61' f1l"1Jl8 
f$mpera t'1D'e - au - fi 0,. CL 

Foc.d - eo.G-~. 
"' hlb - ee.zO:r. llelati"f'e B1111<U t7 • ~ 

PnaslU"'e • 29.6'1 :tnQhoa 
»treoU.on ot 'ttllld.-

tl-. ot t1rizc - right &ll£le8 to tielc.\ lO 8d..ra.. later • Tea:ro-4. to lett 
ctari• tirst hour - 1'8l"1ecl between rl~t; ugua &11d 

1 et t lnol!:Aa u em. 
Pro'bct.bl7 aoccnmts tor raca-. 44&'h.l 1n lett ot tlelct. ... ~gQ12t.Qil aoL 

Ul 
.; 

l'Al4 I~ :furl mld£4 Gl1 ;g}aJ~ISD~· ....,._ 
J)ea4 1& 4aya Dead lll hr11. ])e.a4 120 hb. l)q&4 25 .,.. Dead 100 " :D»4. 808 • D$14 Ill hrl. Bl4ape4 De&d 16 .. 

l)ead a>o =·· .Llee.4 252 hrl. -.., 
Du4 18 ! l)aa.d 8 bra. Dead 4.1 Ju:o•· 

,~;hUll.. 
. .,. 

1 . a: • ' I Jlo. 41e4 I I &"· / a 1 Jlo. ld.lle-4 
"' tor autopsy 1 (.m. dt-1!1) 1 c 1 

<;;J fiel¢ »- lgrai=t:nae fgrt. 

~th ot ex.i)oa-ure. h01.<:rs 6 6. 6 6 !i.'m etter tid.~ !1~-ell,!:lo':l'rs 6 6' 23 u Posi t1 on t1t dog a l-1 1~ l-2 '• 1-:S 
(~1 ~a~ :tgmh§:Jl ~1:1~Uia1~ 

~ 

• Pure wu.star4. and phosgene- 13 Claa.thll, .2:s~v. 4 light oaauul.Ues 
" H " Chl.o:rbonseue ... 1.5 " , 3 " Z " " Orud.e " •~15 deaths, 5 lig.h t Oli.&U!l.l. Ues Pure musta:rd - 12 deaths• 1 sovere, 5 lS{;ht oa.atl.!ll Uea 

(4} fi:ne o!.' (Seath. 

Cruds and pt:ra :::ustet'd., ~arlier daatils ~ prod.Uoed 
- 168-



f1me ot &Ml~ Pare lnlatal•d Ptre mus n1"Cl. Qn:l.cM Pure 
J't.h&R phlocysngnp me nee l'B'11Fi 'R''N1 
4a ho~ I I I • , .. .. I I ''' I • U4 ! 6 6,. 

~ ;' .. u 9 
ma !! u ll 16 11 
SWe&ka 16 u u 12 

•• Ocmgla;g1p1JU 

1. iron • tandpc:iint ot \oxioi 'f• 

(a) IJ.ttl• 41tt'.-enoo lta~a crude llWtbZ'4 
CUl4 pure IDI:J4 tar4 and ohlorbenaene. 

('b) .L1tue Wr•anoe bebNn PN IDUIItari arut 
p-are ums ta:rd. and. ph.oegene. 

pure lll1t. ~t. 
(o) Q\-u4a ll'Witucl preciUlJS.a'•• alt6b.UJ' crruo 

.. 
lat. :P~e ll'WJt~ plUJ 15t' ~orbenuu 
7tM./ 0rw.1e arua tan 
81:"4. Pwe IN.lt81'Cl plue 1~ phosgeae 
• tl:\. Pure mus ta.N. 

$. 1ro= a tandp01n~ ot :perda~e~ 

(a} S.b: howa af'ter t11"1J\1 ot 1hell1 .. rank 
let. ~· mueHl'd. pltis 15% ohlorbe:ua:ene 
2c.d.. ~ mua 1iarct 
a-d. Pure lllWJ~· pltul 15~ phoeeene 
4th.. Pure .mua t~ · 

!· 

(b) 1\'oenty-tl:lr>ea h0\4%'& r..fter iir1~.; o£ &hall ·rank 

- ).8j -

Ohl or bensana a.d.!:nl.x ture 
Cr'ul.le ll'lU& t; a:rd. I 

.Pure mua tarf 
fi.loegar.o.e .ad:il1X ture (rapid. drop 1n 

oonc'n t;r a tio:n) • .: 
~ 

. . ',; 



· ... 

4!5. JColla and JC'Wn. 
B. N.. X1T ll.t-iO. 

far:1o1 tr on clog• ot ~ oa.rboa. lll0nox14s and. 60~ pk.ospne. 

a. sa.teqta 

fo An.ru4M et't &cts on o.ogtJ at a Ol Ou4 oone1a t11118 tit 
60/60 Jli.xtu:re oarllon monoxiu and :phosgeno noaa o;yl1D4er•• 

b. Jf.ii:tl$Q41 

10 lb. ratzturo ot gas hom each e.t 2 t7llndon • 10 '"" 

.Length ot erp0811l"G .. m min. (aotwq expoaecJ. to cu about 
B.A.. It.) 

PodUcm ot ~~ 
1. !'be d.oga, 20 t•• tn•ervo.la, .0 t t. 'hom qUD1ert 
a. kfen dOI;;a, a:> t't. " ,100 " • • 
a. 11% 40ga, 10 tt. ~ t200 ~ ~ ~ 

0. ,inaG§dO.I : .. 

1. f.1mo tor OO!llpl.ete 41aoha.r~ ~ oylil::L4a:'a 
(a) lett .. l BZ11l.t (b) JU.gh.t- .2 mn. 

2. 1'izl4 
(a) l>troouon .. right ~lea to tial4 
(b) Toloei ty • 7 to 8 Dd.l&e per holD'. 

ct. loty}trt l 
'· 

l. rtrat Z'Oll'e 
~l &hcnred ctevresa1on. ~Jvn,et1TU11, la0hr;ymat1ot~t 

Oent·n: dOG ~:..:!':1 omr let"t o't o~nter 1 

(a} 1nt:ll)d1o.te YQmi tii~g 
lb J 4.\ls:t::.. w! thin 2•! hovra. 

~ &c=dr~• ' 
Five oont:raJ. ~sa la.cnr,~tion, G ~1:;ht ~snoea, 

End ~ciS unatteeted. , 
.1.11 zwrm&J. 1n 46 ho-ura. ~ 

z. Zli:-:1 rO?:s 
£:.r.en MUtl'E1.1 d.~Gt ll\~3t00U0n 
.li!I!d dogs t t:rAf'!'eotod · · 
All norraal ln 4S houre. 

- liQ-



' 
•• Qonglyqigpa• 

1. llttec' ot mixture le.s ~an equal amolDlt ot 
e1thu. a::rs1no or phOsgene on 4o81 'QDd.e.r a1m11a:r ooncU uozs.a. 

2. J.rea ot le~ GOnOent.raUCII.e 
40 feet frcn e~lDden alOzls oen\er 11• 
ao teet 'o let"'• · 

,• 

• .. 
' 
~ 

... 191-
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.. 
!o d6term1%1G tox.1c1~ ot, a t5o-oo mt:tnre ot phosgene and 

ohlorine when uaed in ee ublle gaa un1 t, ·'C11d.tl' field ooadt uona. 

!Wo qlindal'a, 30 lu. oaob, - .._ m.u:'wo ua•cl. .A.t:l.iJala 
and ql~ arrargcd aa in cliagram l:n or1&'1Ul h»ort. l'lme ot 
8Xp01UJ"t 10 ldlmtos. 

Amount ot gas 41aoharged from o;rl1z14el' I - 10 lN. 
" .. • • • • n-ao • 

ftme f1r ~diaeha.rge t'JICill oyllu4ar I~• Gl •·oo=. ~oosrplet6 
" • • " • U - 15 ee00214S w1 'tb noule, 

JD aooonda w11ihou.t. ... 

Xote 1 "wrOXlm telT • fO~ ot 1otal. ummt fit told.o aatel:'1al wu 4iaoha.rge4 
ln. the 6IS aaoond. pe.rtod.. 

o. l4lteorplQ£iMJ :QatAt 

W1nd • f - 8 miles per &,our. 
~ratl:re of a1.r - 61 J, 

" " Sl" 0\lDd - 58 •• o.r. 
Barcmet.r - ai. 76 1D.Cbee 
Relative humicUt)" • .ft2.5~ 
Ol.a8r, bright Blmahi:DG. , 

t1. ne 1' Rttsu1 ta, 
/ 

Qgncantratin Mq./1, 

4 sec. 1w. l o. 26 0. 00 
10 tt 2 o.o'T- · · 
50 " 3 a _, 0,00 
so "' s b o •. 1o. 
1 iD.in. 4 o.oo: '• 

~2,___"--------=----'6~----•"~o~~t~O'p~Q9~glc~f·l~0Jolakalillald.._ ________ ~. 
4 sec. :s. l l!. ?0\ 

lO " 2 8.J2~ 
30 " 5 a _...... o. 0~ 
~ · " & b 1.m· 
1 mili. ' 4.57 h .. § Q,Q2 

• lS:-



. ·, .-"" 

f1.me Sample Bo. Qsmtauiasim *·z~. 
l\1~&1 s;J.gt&!!l r&•· Uhlsr:Y! t: 

'Mel. 0. 1 0.16 
lO • I a,. at;. 
2D ! I a e.oT 
to !' I) '·'' laiD. • OeN 

• • I g.u 
'leG• D. 1 0.60 

10 • I o • .ta 
8) I! Ia - o.oo 
8) !I I lf' o.oo 
1 ails. .. o.oo 
I • I g.,s 
4 aeo. •• l o.~tt 

lO ·~·; a Oel.O 
10 .. ~ ... i .. - o.oo 
10 ' It o.oo 
lllb. 4 o.oo 
& • I SlaiA 
... a.o. '· 1 :-. 0.67 

lD .. I 
~ 0.1& 

ZD '! Ia - 0.06 
8) '! Ill o.N 
1 llbJ. • o., • 
I • A g.gg 
4 MO. o. 1 0.10 

lD • I 0.10 

8J ~ 8. - 0.00 ., ~ e 'b o.M 
1 min. 

, . OeK 

t .. A' ills· I 

4 aeo. L 1 o • .oo. 
10 " 2 o.oo 
ro '.! a a o.oo 
~ ~ 3 'b o.oo 
1 min. ' o.OY 
1: .. &2 Q.;J. 

~ •to. x. 1 8:89 2 

~ m=u. ft -- 0~00 

8:% 
a " e o.oo 

- 1~8 ... 



------ ----- --- -- . --·· --

------------------------------------------------~------------t f1 ttq>le lo. QQQQ;ttiittiqQ i¢.7i. time 
rgw pn1w1w n·m slY,pript 

" aeo. l. 1 . o • .s& 
10 .. I 0.22 
to ! a a -· 0.00 
S) '.' ell o.oo 
1 dL 4 o.ao 

.. .a .. 5 o.po 
4. •• , • L l o.oo 

lO • a o.oo 
zso '! •• - 0.00 
S) " lb o.oD 
1 mill. ' o.9'1 
a .. a O.lQ 

»~ upo 1<td tor 10 id.nu'-• • 
All 408'1 S.n la' a-ow ahowed u.,prci-r»ston, czJ=oUv1Ua, lach1"11f'aUon, 
dffa:pnoea. 2 ctoga TCid. wet. ~ 
i'1n 4oga 1n cenieZ' ahowed laahr~Uon, alight ~. and dapreasioza. 
~ on e1 th.er end ~ row 'tZZ1at.teoted. 
In third row, Clog to ldt I# cente:r And 2 ~· to rj.ght ot oente.P amwe4 
lao.h.r :,aa t1 tm. Other dOg I 1:1Datr ec ie4. 

In .24: howa Clog 1n oentor ot let raw • 4&&4. 
b 8'1- houra dOg to lef't ot oonkr of lst, row - d.ea4. .. 
In 24 houra oth;;~r dcga ee~ t1f' 1st row • depressed. recovered 111 48 u.. 
In 24 hours all dog a 1n !rut 2'GW •. norml ln 48 h0\11"1• . 

. I 

Lethal· ooncentr.ation for dbgjJ was produced in lst row 
from center dq; to dO(; ro teet to left ol oen ter. ,. 

. All d.Gcs 1!1. lo\ r:aw (00 f't.) 1nonp"a.citat.ed. 
.&!toot ot "Bixture muon less than -.n equal amount of arsine 

o:r phC:JS'.JnO. <Usohar:;., tmtt"'lr a1m1h.r contents in '.same·· pouno~_ 

- 1•;4,-

. 
.. . " 

I 



.,. O.c..R'. 2'1. (3965) 

Ph~, e.zoao!:lioua · chloridG 1 ohl.OL"p1~1l1 a.Dd atannlo ehloricla. 
~1 ot ...Umtll!l pera11teD01e• for TU101:UI 

l!m!J!t And drlJII• 
chendcal filU.J:~ga 1n shell, 

F1ll1~ tOn:lr 1vfaoe 1 tbt&.r a~faoe 
' I 16 cia. 1a till. 
a ora 1e1t, .J4Tenll 
~~ I 
I U.G.P• au6 I 
I I 

, ''" . U • O•li. MIS t.-6 hrae, H 
tS110aa, also 
1.2-1" i!. .. bambi 
ttrJPlOW la 
I W'u.o'b. 

tl800.UDO J'UN 
1.50-f.,&tt how. 
Isbell " 
I Q. U..P. 16'iQ 
I ____ __.,~..~•------•:..-~-----~•.;::;O~.Og:•-.='.:~.sooo~Ha.:H::a..-....:1:.-.------l Phoqene II.'D4t ~~ bra. o'b- 1.100 hov. I 6 hH. H" • a>OO Jd.l.. a • Ol1lorptorin a aerver• ereo• • G. O.P. 2040 tStailcea bolD• •aooo JU•H'f'el"tl I J(J-J2 liJ"a, 0.,_ t I Vllnob. I laohr JDIIl. t1 Oil .tzoqB . •nn.ra ''oop-• ao.o.l. 11M •&~>-&.&• howiuer •be .D.N..P.IS.fttt : •u hr'l. 10-l.l"'ahtll.le,. .... · • 'Jowtt..r ab.ell .. • o.o • .r. aut I 

l'aosg'3.ue udl. 
e:raonioua oltJO.O.P. 1261 
and. phoa~eOle' 
tt.mmio ol. 1 

• • 

I 

nnl. 
a\i.o_p • .;5a6i . .. .... 

I 

I 

I 

.· 

- 1~5 ... 

ao.o,,. I§Si a 
• :0 a.la.IIS.11l111\1a • zoo yda, ~ 
·~·O" Jt.Gw'•· aot phoagtaa de-
••~1ode4 Ill • ~oied., Ye't7 . 11i1"9noh . 11118.1'Q\t ., 1400 
rc.a.P. 89$& 'I""W• • 50...,..5• 
t 'how. Jhell. 

,o,g,p, $H8 

I ... , 



~'t•ot • 4mme 1 •a 

1-29 
m-so 
lill•63-l 
XIX-'14 
1ll•f6 
xnu-ue 
mn1-9o-a 
mx-?S 
XW:l-67 

p, '· 
Ylll•A.180 
TlU•JI86 
TUl•4888 
TIUA.AM 
nu-Aiis 

Itt• at P lea • 

Ph. 1, '• 13, 1'1, m, n, 40, aa 
i,ll.. lX-55 
A, :r..to•. - 66' 48-CJ..-0 
o.o.P. lt.a (GO«) 
Hall.Ds I 
P,R, T~ 
A..P .ll. :54-i•lfo. t 

J!,l!, ;p, '!'. p.c,p'. Q,"Jl, q, 
K:.<Vli~ VII•A.MS ~ 51 

12-39 Ylll·~l 3 ti4 
Y-"7 II 1-<JO- VJ:II·~~ 6 55 

10 v lll-..ti.:S55 29 64 
Y.XIX-76 VIU-A.38'1 1'15 ,., 
XK.XIV-66 Vlll-&.390 21'7 69 
.I:\XVI•28 VIII•A33S 21.9 j5 

8112 

- 195" 

,'I, I 

-,,: 

" ·M 
lOt 

"'lOS 
'178 

101 
-'Ill 

121 (87'1\)) 
us 
au 

- ~ "' a 1· .d....!.• ;.-.. .. e .• 
·"' 176 .1:8 

tiO ,., 
fS 

~ 110 

·. 

2l 83-.A. 
GOO 
60'1 

r.s. 



1 . . J 

XXlll-'1 
:l.XVlli-90 
XXll.-75 
XIX-61 
DX-64 

~" xm.-yt 
xxnx-• 
UXT-60 

J.uthor 1 

p,,., 
11-.Ll.Zf 
un-~ 
1Ul-.4186 
Y.tU-.t.M8 
1'111-.AMI 

D1gost o£ Re·)o.l"t• Conoerning tha 
xio Etfeot• ot Pb.oageue .on »au 
t tiJa La)oratot"J An1mala. 

:,1. 

- 19'1 -

, ...... 

u.p.D. 
• ... 
" ... 

J.B ••• u 
c.v..ss. Xll•pG't 11 
:s,..t..c.n. 101 

L.Pb.M&IIlat 

l•t. x.s..~t.. c~w.a •.• u.s . ..~., -. 
QbJ.et• »e;p.,. ot !ox1ool081• 

.Appreft.t . ...,., 

~cUil/edcbA-
J)i:r.e...-d. l'>. Vedder • 
Lieut. Col., ::.. ·~., U.S.A., 
Ch.!u~, HaJ.ioal ;~osea.rah D1Y• 
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